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Soil fertility is the basis of our future agricultural develop-
ment. All other farm activities are dependent upon it. 
1. The Missouri soils experiment fields have been con-
ducted for more than twenty years by the Missouri Agricultural 
Experiment Station with a view toward raising the standard of 
agricultural conditions in this state. 
2. Already many of the recen t advances in farming practices 
have come about as a direct result of the information accumu-
lated on these fields. The more widespread use of phosphatic 
fertilizers, the greater attention to crop rotation, and the produc-
tion of more and better legumes are a few of the many sound 
practices that have been given a new impetus as the result of 
this work. 
3. Through these fields, the Experiment Station is accumu-
lating a group of facts that should put the farming industry of· 
this state on a more permanent basis. The results thus far ob-
tained on these fields are sufficiently conclusive to change the 
whole agricultural situation in Missouri if the results herein 
reported were thoroughly utilized. 
4. The average productiveness of a soil is largely in the 
hands of the operator, and we may increase the average acre 
yield or net profits at will by judiciously applying the fundamental 
principles of soil management already determined experimentally. 
5. This bulletin gives a summary of the results obtained 
during the period 1905-1923 on the various soils experiment fields 
of the state. 
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The Soils Experiment 
Fields of Missouri 
F. L. DULEY AND M. F. MILLER 
Abstract.-Field experiments have been conducted on most of the more extensive 
soil types in Missouri. This plan for studying the important soils of the state was 
inaugurated in 1905 and is still in operation. During this period about twenty-five 
fields have been used. Most of the soils have given good returns from phosphates 
and manure. Phosphates have given their most profitable results on wheat, clover, 
and alfalfa. Lime has been of great value on certain soil types in growing the clovers 
and alfalfa. Where lime has been combined with manure and acid phosphate it has 
made clover growing highly successful on practically all soils .of the state. Potash 
has given slight increases on most fields, but in only a few cases has it been of suffi-
cient importance to justify much attention to its application in the form of fertilizer. 
Rock phosphate has given slight returns but on the average it has not been used at 
a profit. Legumes planted in the corn for the purpose of supplying green m,tIlure have 
not justified the practice. Part II gives the results of individual fields and shows by 
means of maps where the results of these experiments may be most directly applied. 
A thorough study of the iertility of Missouri soils was begun in 1905 
by the Missouri Experiment Station through a system of soils experiment 
fields. It was planned to correlate this work with the soil survey, making the 
fertility studies on certain types ofland which represent relatively large areas 
in the State. It was believed that the best method of securing accurate infor-
mation upon the various soils of Missouri was by actual field trials conducted 
on the same land throughout a period of years. During each season the weights 
of produce from various soil treatments have been taken and careful records 
kept. 
The studies have included the determinations of the need for each of the 
more important elements of fertility as well as for manure and lime on each 
soil. The value. of these substances has been determined in connection with 
a good system of crop rotation adapted to each locality. So far, only about 
one-half of the soils of the State have been studied for their fertility needs. 
Furthermore, there are many problems relating to soil management for the 
different types of soils which are in immediate need of extensive studies. This 
work, however, has always been held in check and is at present very seriously 
handicapped because of a lack of sufficient funds to carryon the work as ex-
tensivelyand as thoroughly as it'should be done. 
The effect of the results of these experiments upon the agriculture of the 
State during the last few years has been very significant. Much of the use of 
commercial fertilizers, and practically all of the interest in liming can be traced 
directly to the results of these practical field experiments. The results have 
formed the scientific basis for a large part of the soils and field crops extension 
work in Missouri. Thousands of farmers have had opportunity to make direct 
observation of the results in the field and this has added greatly to the dis-
semination of the practices that have been demonstrated in this way. Much 
of the recent increase in interest in legume growing in Missouri is directly due 
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to the fact that these experiments have shown conclusively that some of our 
best legumes can be successfully grown on practically any soil in the State pro-
vided proper soil treatments are applied. 
LOCATION OF FIELDS 
In the present bulletin a summary of the results from 2.5 fields represent-
ing 17 different soil types will be given. A few other fields have been started at 
various times, but because of their short duration the results have not been 
included. The map on this page shows the location of these fields and 
the succeeding maps, Figs. 10 to 38, show approximately the area of the soil 
type to which the results can be applied. 
Fig. I.-Map of Missouri Showing I,ocatie>n of Soils Experiment Fields. 
These fields have been leased for a term of five years or more and the work 
of attending the crops has usu.ally been done by the owner of the land or some-
one in close proximity to the field. The work has been closely supervised by 
members of the Department of Soils of tIle University of Missouri, College of 
Agriculture, and whenever any important work is to be done, such as the 
application of fertilizers or the harvesting of crops, a representative of the Col-
lege is usually present to help with the work and see that it is done in the proper 
manner. Some of the local field operators, however, have become very efficien t 
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in conducting the work on the experiment fields and therefore require less 
supervision than is the case on certain other fields. 
PLAN OF FIELDS 
The plan of each field has been adapted so far as possible to the needs of 
the particular soilin question, and yet enough uniformity has been maintained 
throughout all the fields to make it possible to compute the results for the 
various treatments on a rather large 'number. 
For the most part the fields have consisted of four series of seven to ten 
one-fifth-acre plots. Each series has carried a d'ifferent crop of a four-year 
rotation each "Season so that all crops have been represented every year. The 
varioU!l plots in the series have received different soil treatments as shown in 
the diagram on this page. 
Series B Series D 
14 Manure 28 Manure 
Rock Phosphate Rock Phosphate 
-
13 Manure 27 Manure 
12 Legume, Lime 26 Legume, Lime 
Bone meal, Potash Bone meal, Potash 
11 No Treatment 25 No Treatment 
10 Legume, Lime 24 Legume, Lime 
Bone meal Bone meal 
9 Legume, Lime 23 Legume, Lime 
8 Legume 22 Legume 
7 Manure 21 Mantlre 
Rock Phosphate Rock Phosphate 
6 Manure 20 Manure 
5 Legume, Lime 19 Legume, Lime 
Bone meal, Potash Bone meal, Potash 
4 No Treatment 18 No Trea tmen t 
3 Legume, Lime 17 Legume, Lime 
Bone meal Bone meal 
2 Legume, Lime 16 Legume, Lime 
1 Legume 15 Legume 
Series A Series C 
SOIL TREATMENTS 
The princip~1 rotations followed ha\'e been corn, o~ts, wheat, luver in the 
nort hern part of the State and orn, so~'henns, wheat, clover in the southern 
part of the State. On a few of the en rl~' fields cowpcns were employed instcnd 
of sO I' bC'n ns. In case of clover fai lu re, cowpeas or so)' iJeans have been substi-
tuted. 
The manure has heen applied at the rHe of 8 ton s an acre once in the 
rotation on the clol'er sod and plowed under before cor n. 
The h neme~ I (1 % "JH, - 29% P,O,) hn s heen a ppl iecJ nt th e ra te of 
150 pounds an acre with a fertilizer dri ll ahead o f co rn and also wit h wheat, 
making a tota l of300 pOlln ds per rotation . 
.'\cid phosphate ha s hee n nppl~ ed in t he sam e mnnner as th e bon emea l, but 
nt the rate of 175 pound s (16% P 20,) per acre before cor n and with whea t. 
Potash ha s been applied a s muriate of potash (;30% K,O) at an average 
rate of approximate ly 25 pound s per a re bef re corn and wit h wheat . 
The rock pho phate has been applied at the rate of 1000 pound s per acre 
once in the rotation before corn. In mos t cases it has bee n app li ed in connec-
tion with manure, but in a few cases it has been app li ed alone. 
The legume treatm ent as given in t hese res ults has consisted of cowpeas 
or soybea ns planted with corn and al lowed to fall low n o n the land to be 
p lowed under for manure. 
The lim e has been app li ed as fin cly pul verized limestone. In most cases 
it has been used at the rate of 2 ton s at the first app li cation and 1 ton every 
sixth year following . 
Fig. 2.-Unmanured Innd at the t. Jnmes Field in 1917 produced 7.55 bushels of 
soybenns per acre. 
TIfE SOi LS Ex I 'EJ{ I ~ I ""T FI EI.[)~ OF :\1 [ S~Ill'R [ I) 
PART 1. 
Average ResuI ts From All Experiment Fields 
Th e average res ul ts fro m soi l treHmcn ts o n eac h fi e ld ha ve ilee n co m bill ed 
to g ive what ma y he term ed a s tate avcragc. Thi s average or co urse does not 
represe n t all the so ils o f thc State, but it includ cs soil s with a wide ra ngeof 
fertility . Whi le th c rcsults cannot be app li ed dircc tl y to al1\' g iven loca li t,· 
th ey are of vcry g rca t importancc in s how ing a bo ut th e relative "alues of 
the diA'c rent soil treatments uncler average co nditio ns in Mi sso uri . 
It will be noted fro l11 Table 1 that th\: g reates t re turn s in crop yield s hal' e 
been obta in ed {rom manure, bonc mca l, acid ph os phate, and lil11 e~to n e. 
TABLE: I. - AVERAGE CROP I N REA SE DeE TO Y AR IOLIS SO IL TREA TMEN T S 
( 1905-1923 ) 
:\ c id Rock 
Lilll c- Ilonc- ph",- phos-
Crop Leg um e sto ne Manure IlI c:d "h ate ph ate Potas h 
bll. bll. bll . bll . bll. bll. bll. 
Corn - 1.1 6 3.24 9.gg ·1.00/ 5. I H 0. 75 2.52 
Onrs 0.60 0.99 +. 19 4.96 5. 5 1.4 1 O. '!6 
Whea t 0.2 1 1. 19 4.4+ 5.3 5 4..39 2. 06 0 .91 
Soybea n g l'ain 0. 50 2.36 2. 22 I. n 
-- -
0 . 16 
Ibs. Ib s. Ibs . Ib s. Ih. Ibs. Ih. 
Soybea n ha )' 65 23 l 570 3 lH 173 86 62 
C lover ha ,. 93 709 627 II 35 720 2H 50 
~owpeil h;,,' 232 104 434 306 ~ - -- 369 63 
Fig. J.- Manured land at the St. J Illes l' ie ld in 1917 produced 16.25 bushels of 
soybeans I c,· ac,·c. 
-
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Rock phosphate, potash, and legume in corn have given considerably smaller 
returns. 
NET RETURNS 
In order to put the results of these experiments upon a practical basis it is 
considered advisable to assign a definite value to each crop and to the fertilizer 
used. The difference between the value of the increase in yield and the cost of 
the fertilizer is considered the net return. It will be noted that no allowance has 
been made for harvesting and handling the increase in crop, but on the 
other hand no value has been placed upon the increase in straw and stover. 
It is assumed that one of these factors will approximately offset the other. 
The prices given for crops and fertilizer are simply such amounts as may be 
considered reasona ble in normal times. Whenever prices are radically differen t 
from those given the net return may be recalculated from the increased yields 
on the basis of the new price. No results have been used in making the general 
summaries unless a crop has been obtained a tleast three years on a given field. 
CROP PRICES 
Corn ...................................................... $ 0.50 per bushel 
Oats...................................................... 0040 per bushel 
Wheat .................................................. 1.00 per bushel 
Soybeans.............................................. 2.00 per bushel 
Clover hay ........................... ................. 10.00 per ton 
Cowpea hay .......... ................................ 10.00 per ton 
Soybean hay ........................................ 10.00 per ton 
FERTILIZER PRICES 
BonemeaL ........................................... $35.00 per ton 
Acid phosphate .................................... 25.00 per ton 
Rock phosphate .................................. 12.00 per ton 
Potash (muriate) ................................ 50.00 per ton 
Limestone (pulverized) ...................... 4.00 per ton 
Manure ................................................ 1.00 per ton 
Legume ....................................................................... . 
Sodium Nitrate .................................... 70.00 per ton 
COST OF ApPLYING FERTILIZER (Annually) 
BonemeaL ...... , .................................... $1.31 per acre 
Acid phosphate .................................... 1.09 per acre 
Rock phosphate .................................. 1.50 per acre 
Potash (muriate) ................................ 0.31 per acre 
Limestone (pulverized) ...................... 1.00 per acre 
Manure ...........................•.................... 2.00 per acre 
Legume ................................................ 0.20 per acre 
Sodium nitrate .............................................. , ............ . 
EFFECT OF INDIVIDUAL TREATMENTS 
Legume in Com.-The results that can be attributed to each individua! 
treatment are of interest in showing which of these materials is most likely to 
give profitable returns in a practical system of farming. Table 2 shows that 
the use of c,owpeas or soybeans seeded in corn and allowed to fall down for 
green manure has not been profitable. It will be seen that the yield of corn has 
been slightly decreased and the small increases on the other crops have not been 
sufficient to make up the deficit. Other work carried out by the Missouri 
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Experiment Station shows a similar decrease in the corn yield. Whether the 
combination is desirable then will depend upon the amount of the legume pro-
duced and what use can be made of it for pasture or silage. 
TABLE 2.-EFFECT OF A LEGUME PLANTED IN THE CORN ON THE DIFFERENT CROPS IN 
THE ROTATION 
Yield Increase Increase 
without for Value of Cost of Net on invest-
Crop legume legume Increase treatment return ment 
bu. bu. $ $ $ % 
Corn 27.86 -1.16 -0 .58 0.20 -0.78 -390 
Oats 27.99 0.60 0.24 0.20 0.04 20 
Wheat 11.63 0.21 0.21 0.20 0.01 5 
Ibs. Ibs. 
Clover 1622 93 0.46 0.20 0.26 130 
TotaL ___ 
------ ------
0.33 0.80 -0.47 -59 
Soybean Ibs. Ibs. 
hay 1575 65 $0.32 $0.20 $0.12 60 
Cowpea hay 2086 232 1.31 0.20 1.11 555 
Manure.-Table 3 shows that manure has been very valuable in increas-
ing the yield of crops. The manure has been applied before corn and has had 
its greatest effect upon that crop. The rather low increase on clover has been 
due in part to the fact that it is three years after the manure is applied before it 
has a chance to affect the clover yield. On many of our thinner soils the effect 
of manure has largely disappeared by that time. Manure has given increased 
yields on all soils of the state and should have more attention on the average 
farm. 
TABLE 3.-EFFECT OF MANURE UPON THE VARIOUS CROPS IN THE ROTATION 
(Average of' All Fields) 
Yield Increase Increase 
without for Value of Cost of Net on invest-
Crop manure manure increase treatment return ment 
bu. bu. $ $ $ % Corn ______ 24.33 9.89 4.94 2.00 2.94 147 Oats ______ 29.94 4.19 1.67 2.00 -0.33 -16 Wheat ___ __ 9.96 4.44 4.44 2.00 2.44 122 
Ibs. Ibs. 
Clover __ ___ 1393 627 3.13 2.00 1.13 56 Total ____ 
------ ------
14.18 8.00 6.18 77 
Soybean bu. bu. 
Grain __ 5.84 2.36 4.72 2.00 2.72 136 
Ibs. Ibs. 
Soybean 
hay ____ 1281 570 2.85 2.00 .85 42 
Cowpea hay 1997 434 2.17 2.00 .17 8 
Lime.-The results given in Table 4 show that limestone has returned a 
fair profit for the money invested. The average increase on most of the crops 
has, however, not been very high. This is due to the fact that liming usually 
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does not greatly affect directly the yield of the grain crops. Furthermore its 
effect on clover varies greatly with the soil and while it may return large in-
creases in one case the increase will be very low in another. This depends upon 
how badly the soil is in need of lime. It further indicates that great care should 
be exercised in the use of lime in order to be reasonably sure that it will give 
profitable returns. That is, there are certain soils where lime is a first essential 
to higher production. Here its use should be general. On other soils there may 
be other elements more needed than lime. In this case lime should be applied 
only after the other needs of the soil have been satisfied. 
TABLE 4.-EFFECT OF LIME IN ROTATION 
Yield Increase Increase 
without for Value of Cost of Net on invest-
Crop lime lime increase treatment return ment 
bu. bu. '$ $ $ % Corn ______ 24.70 3.24 1.62 1.00 0.62 62 
Oats ______ 27.99 0.99 .39 1.00 -.61 -61 
Wheat _____ 9.93 1.19 1.19 1.00 .19 19 
Ibs. Ibs. 
Clover ____ 1291 709 3.54 1.00 2.54 254 
TotaL ___ 
-- ---- ------
6.74 4.00 2.74 68 
bu. bu. 
Soybean 
grain ___ 5.84 .50 1.00 1.00 .00 .00 
Ibs. Ibs. 
Soybean hay ____ 1287 231 1.15 1.00 .15 15 
Cowpea hav 2133 104 .52 1.00 -.48 -48 
TABLE 5.-EFFECT OF ACID PHOSPHATE IN ROTATION 
Yield Increase 
without fat Increase 
acid acid Value of Cost of Net on invest-
Crop p'hosphate phosphate Increase treatment return ment 
bu. bu. '$ $ $ % Corn ______ 16.19 5.18 2.59 1.09 1.50 137 Oats ______ 19.14 5.35 2.14 1.09 1.05 96 Wheat _____ 7.23 4.39 4.39 1.09 3.30 302 
Ibs. lbs. 
Clover _____ 807 720 3.60 1.09 2.51 230 
TotaL ___ 
------ ------
12.72 4.36 8.36 191 
bu. bu. 
Soybean 
grain ___ 5.75 1.92 3.84 1.09 2.75 252 
lbs. lbs. 
Soybean 
hay ___ ~ 1063 173 .86 1.09 -.23 -21 
Acid Phosphate.-Acid phosphate has not been used on all of the fields . . 
Duri,ngthe early years of these experiments phosphorus was supplied entirely 
in the form of bonemeal or in rock phosphate. However, wherever acid phos-
phate has been used, the yields of all crops have been materially increased as 
s~()wn in Table 5. This h~s been true on all fields where it has been tried. The 
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average net return has been $8.36 per rotation or an increase of 191 per cent 
on the money expended for fertilizer. 
Bonemeal.-Bonemeal was the first fertilizing material to be used exten-
sively in this state. It is still very popular but owing to the limited amount of 
this product, it is rapidly giving way to the mineral phosphates and to high 
grade mixed fertilizers. . i 
The results of experiments with this material are shown in Table 6. It 
will be seen that the average net return per acre per rotation has been about 
the same as for acid phosphate. 
TABLE 6 .-EFFECT OF BONEMEAL IN ROTATION 
(Average of All Fields) 
, 
Yield Increase Increase , 
without for Value of Cost of Net on invest-
Crop bonemeal bonemeal Increase treatment return ment , 
bu. bu. $ $ $ % ; Corn ______ 25 .29 4.04 2.02 1.31 .71 54 Oats ______ 26.88 4 .. 96 1.98 1.31 .67 51 
Wheat _____ 10.53 5.35 5.35 1.31 4.04 3)8 
lbs. lbs. 
Clover _____ 1381 1135 5.68 loll 4 .37 333 
Total ____ 
------ ------
15.03 5.24 9.79 187 
bu. bu. 
Soybean 
grain ___ 5.46 2.22 4.44 1.31 3.13 239 
lbs. lbs. 
Soybean hay ____ 1298 3.18 1. 59 1.31 .28 21 
Cowpea hay 2261 306 1. 53 1.31 .22 17 
Acid Phosphate vs. Bonemeal.-In the results shown in Tables 5 and 6 the 
average for acid phosphate does not include as many fields as do the results 
with bonemeal, so the comparison may not be absolutely fair for that reason. A 
more direct comparison may be seen in Table 7 which shows the return for 
TABLE 7.-A COMPARISON BETWEEN THE INCREASE IN YIELDS FROM ACID PHOSPHATE 
AND BONEMEAL WHEN THE Two ARE USED IN DIRECT COMPARISON ON THE SAME LAND 
(Average of Six Fields) 
Crops 
Corn 
Oats 
Wheat 
Clover hay 
Soybean hay 
Increase due to: 
Acid phosphate 
5.20 bu. 
5.34 bu. 
5.33 bu. 
9491bs. 
2401bs. 
Bonemeal 
4.33 bu. 
5.92 bu. 
4.39 bu. 
13541bs. 
277 lbs. 
each of these materials when used on the same land. This average includes the 
results from six fields. The return will be seen to be only slightly different 
and it is for this reason that one of these forms of phosphate seems about as 
good as the other. The bonemeal seems to show a slightly greater residual 
1-1- .:'\[lSSOl'R I , \CRT l ' T.Tl ' IL \T. EXI'ERDIEXT ~T ,\TII) :-\ 1:" 1.1.1-:1'1 :-\ ':?3~ 
e ffe t th e seco nd ,I ca r after app lication a s indi cated h~ ' th e return on oats and 
clover whi le the return from acid ph os phate has bee n 51 i g htl ~' hi g her o n corn 
a nd wheat to which crops it wa~ applied direct l,I', 
F ig. 4. \\ enl l\' ill e whea t. 19 17. l'l nt nil Idl W3"i I!" {,,:l l e d w ith ;:\l: id I,hosph ate and 
y it.' ldt·d 27. 1h hu ... ht"l s. l-'IOL 011 riKh t had 11 1) f~rtili zl'r'j and th e y ield \\'a ~ (J ill )' 15 . .\7 bu .,hels. 
Fig, S,-EfTect of bone meal up on th e growth of clove r , Willow Spr in gs field, 1922, 
Note that ad joinin g untreated plot s have no clove r. 
Raw Rock Phosphate.- On most or t he fi e lds a nd particul a rl r t he ea rl y 
ones raw rock p hosphate was compared with bonemeal o r acid pho I hate. 
T he phosp hate was usua ll y mixed wit h ma nure and th e y ield compared with a 
ma nured plot t hat had no p hosph ate. In most cases, a nd 0 11 t he ave rage, this 
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trelHl1lt:nt ha s no t shown a profit as ma l' he see n fro m Table 8. On a few 
fi eld s, howeve r, which were g reat ly in neeJ o f phosphate a fair profit ha s been 
reali zed, but eve n here it has not heen eq ua l to th e o th er form s of phos phate. 
Frolll a ca reful st ud)' of a ll th e res ults of t he Missouri ex peri ments it does not 
at present see m adv isab le to reco nlill end its ge nera l li se. The solu ble ac iel 
p hosphate or boncmenl will prnctica ll y nlwa)'s g ive greate r cro] in creases and 
ret urn a large r profit o n the mone y expend ed. Th e rate at whi ch rock phos-
phate ha s hee n a pp lied has been Frolll 800 to 1000 pound s per acre. Possibl y 
smn ll er appli ca tioll s might ha ve given grea ter pro fit . It is doubtful iF larger 
a ppli cat ions wou ld have bee n better. 
Fig. 6.-W heat on St. J ames Field , 1918. P lot on left had manure and rock phosphate 
and the y i 1<1 was 33.3 bushels per acre. T he plot on right had manure alone an d pro· 
du ed 23.08 bushels. T his is one of th e rew field s where rock phosp hate has given profit.able 
return s. 
TAIILE 8 .-EFFEeT Of R o K PHOSPHATE I N ROTATION 
Yield In crease 
withollt for Increase 
rock rock Va lu e of Cost of Ne t on In vest-
Crops phosphate phosp hate In crease trea tment re turn ment 
bl/. bu. $ $ $ % Corn ______ 25.58 .75 0. 37 1. 50 - 1.13 -75 
Oats ______ 29.98 1.41 . 56 I. 50 - .94 -63 
Wheat _____ 11 .87 2 .06 2.06 1. 50 .56 37 
lbJ. lbs. 
Clover _____ 1649 2. 44 1. 22 1.50 -.28 - 19 
TOlnl ____ 
------
.......... - 4. 21 6.00 - 1.79 -29 
Soybean 
1366 86 .43 1. 50 I - 1.07 -71 hay ____ Cowpea hay 2064 369 1. 84 1. 50 .34 23 
Should Rock Phosphate Be Applied With Manure?- For man y years it 
ha s been generall y assumed that where raw rock phosphate is used, it should 
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be applied in connection with manure or other organic residues. I t was be-
lieved that the organic matter would assist in making the phosphate more 
available and thus increase the yield. The average results from nine fields 
where the rock phosphate has been used with manure and four fields where it 
has been used alone are shown in Table 9. There has been nothing in these 
tests to indicate that there is any advantage in adding rock phosphate along 
with manure as compared with using it alone. 
TABLE 9.-COMPARISON BETWEEN THE EFFECT OF RAW ROCK PHOSPHATE WHEN USED 
ALONE AND WHEN USED WITH MANURE 
Increase for ' rock phosphate 
Crop Used with manure Used alone Difference 
Corn ______ ______ _ 
Oats _____________ _ 
Wheat ___________ _ 
Clover Hay _______ _ 
Soybean Hay _____ _ 
0.06 bu. 
2.37 bu. 
1.48 bu. 
123 lbs. 
341bs. 
0.78 bu. 
5.26 bu. 
1.70 bu. 
320 lbs. 
136 lbs. 
0.72 bu. 
2.89 bu. 
0.22 bu. 
197 lbs. 
102 lbs. 
Potash.-Most of the soils of Missouri are fairly well supplied with 
potash and no great general need for this material is apparent at the present 
time. It has, however, given slight increases on most of the fields and particu-
larly on the prairie soils of Southwest Missouri and in limited areas through-
out the Ozark Region. The average of all fields in the state as given in Table 
10 shows a small acre profit of $1.56 during the rotation, but since the cash 
outlay has been small the 126 per cent return on the investment may appear 
quite satisfactory. If used at all, however, it is believed that only small 
amounts of this element should be applied. 
TABLE 10.-EFFECT 'OF POTASH IN ROTATION 
Yield Increase Increase 
without for Value of Cost of Net on invest-
Crop potash potash increase treatment return ment 
bu. bu. $ $ $ % Corn ______ 24.49 2.52 1.26 0.31 0;95 305 Oats ______ 28.04 .96 .38 .31 .07 22 Wheat _____ 9.75 .91 .91 .31 .60 193 
Ibs. Ibs. 
Clover _____ 1291 50 .25 .31 -.06 -19 
TotaL ___ 
------ ------
2.80 1.24 1.56 126 
bu. bu. 
Soybean 
grain ___ 5.84 .16 .32 .31 .01 3 
Ibs. lbs. 
Soybean hay ___ ~ 1326 62 .31 .31 00 00 
Cowpea hay 2134 63 .31 .31 00 00 
Effect of Soil Composition Upon Return from Phosphates.-While it is !lot 
alwq.s ppssible to judge thelleeds of a soilfrOm. its dte.mical analy~is,. Tahle 
)1 shows that the ;return from phosphates is ~lQselycorrelated with t~e 4f)fi-
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ciency of this element in the soil. In most cases it has been the soils row in 
phosphorus that have shown marked returns from its application. 
TABLE l1.-COMPARISON BETWEEN THE PHOSPHORUS CONTENT OF THE SOIL AND THE 
RETURN FROM THE USE OF THIS FERTILIZER ELEMENT IN THE FIELD 
Phosphorus in 
soillbs. per Net return per 
Field Soil type A. 7 inches rotation 
With acid 
Clarksville Gravelly Loam 
phosphate 
Willow Springs 560 $22.36 
Strafford Lebanon Silt Loam 640 6.74 
Cuba Lebanon Silt Loam 680 5.36 
Windsor Oswego Silt Loam 680 9.36 
Wentzville Putnam Silt Loam 950 9.28 
Carthage Eldon Sil t Loam 1700 3.45 
With rock 
Strafford Lebanon Silt Loam 640 
phosphate 
$ 3.97 
St. James Gerald Silt Loam 880 2.10 
Union Union Silt Loam 1020 0.05 
Vandalia Putn' a.m Silt Loam 1040 1.68 
Laclede Shelby Loam 1221 -5.12 
Maryville Marshall Silt Loam 1240 -4.11 
Hurdland Grundy Silt Loam 1978 -7.34 
Experimental results have shown the correctness of the common opinior\ 
that fertilizers pay greatest profits when used on medium to thin soils. Table 
12 shows a comparison between the increase in yields at Willow Springs in 
Howell County on one of the thinnest soils of the State and the increase in 
yield at Maryville in Nodaway County on one of the most fertile soil types in 
the State. It will be seen that the returns from the increased crops werejust 
about sufficient to pay the cost of fertilizer at Maryville while the net return 
at Willow Springs was $25.04 an acre during the three-year period. This, of 
course, does not mean that it is more profitable to farm the Willow Springs soil 
with fertilizer than the Maryville land without it, but it certainly does mean 
that if profit is to be secured from farming thin land, fertilizer must be used. 
TABLE 12.-COMPARISON BETWEEN THE INCREASE OBTAINED FROM BONEMEAL ON A 
FERTILE vs. A VERY INFERTILE SOIL 
Untreated yields Increase for bonemeal 
Maryville Willow Springs Maryville Willow Springs 
bu. bu. bu. bll. Corn ___________ 38.91 13.36 2 .07 16.91 Wheat __________ 26.61 3.59 1.90 9.50 
Ibs. Ibs. Ibs . Ibs. Clover ____ ______ 5066 704 225 2203 
$ $ 
Total value of inc rease _________ 
------------
4.06 28.97 
Cost of treatment 
---- ...... _-------
--------------
3.93 3.93 Net return _____ _________ ___ __ 
----------- .. --
0.13 25.04 
Limestone vs. Bonemeal for Red Clover.-During recent years there has 
been a marked increase in the use of liming materials as well as 'phosphate for 
the production of red dover and other legumes. On many soils the use of 
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phosphates alone, or phosphates with manure, is sufficient to insure the suc-
cessful production of red clover. On other soils a treatment of lime or lime-
stone is essential to the best production of this crop. In practically all cases 
where lime is needed an application of phosphorus in addition in the rotation 
will be desirable. The average results from limetsone and bonemeal on clover 
are shown in Table 13. An average of all fields shows a greater gain in yield 
due to phosphate than to lime. Of the eleven fields in this summary only four 
have shown a greater increase in clover yields from lime than from boriemeal. 
It should be remembered, however, that in most cases the effect of the lime or 
the bonemeal has been derived by subtracting the increase from one used alone 
or from a combination treatment in order to get the effect of the other. In only 
a few cases do we have each material used alone on the same field. Calculating 
increases in yields from combination treatments may give the advantage or 
disadvantage to the one used singly, depending upon the needs of the soil. 
TABLE 13.-COMPARISON BETWEEN THE INCREASE FROM LIME vs. BONEMEAL ON RED 
CLOVER 
Increase for Gain in favor of 
Field Increase for lime bonemeal bonemeal 
lbs. lbs. lbs. Billings ___________ 806 1531 725 
Bowling Green _____ 2266 817 -1449 Hurdland _________ 444 825 281 Maryville _________ 327 225 -102 
Poplar Bluff _______ 1006 153 -853 Salem ____ _________ 
-214 842 1056 St. James _________ 836 2207 1371 Strafford __________ 195 1718 1523 
Union 
----------
1812 628 -1184 
Willow Springs _____ 
-68 2203 2271 Windsor __________ 309 1344 1035 Average _________ 702 1136 434 
Clover Stands and Failures.-A summary of the results of the various 
fields where clover has been grown shows that with proper treatment clover 
can be made fairly certain on most of the soils of the State. Some of the failures 
recorded in Table 14 are due to the fact that on the earlier fields the proper 
combination of treatments was not used. This increased the number of failures 
where they would not occur now with more improved methods of applying the 
right combination of the essential treatments to insure a stand of clover. It 
will be seen from Table 14 that not only has the number of stands been very 
greatly improved, but the average yields have been increased from 1291 pounds 
of poor quality clover per acre on the untreated plots to 3268 pounds of 
excellent clover hay on the treated soil. It may be seen too that some of these 
soils could not be considered clover soils at all unless they were treated since 
the average yield of eight of the twelve soils was only 647 pounds per acre. 
I t should be further stated that the number of stands has been taken as the 
number of times a satisfactory stand was obtained on the best treatments. 
In many cases an excellent stand covered the treated plots when there was 
practically a complete failure on the untreated plots. 
It will be observed that proper treatment has brought a clover stand 
approximately 70% of the time. 
TABLE 14.-CLOVER SEEDlNGS-STANDS AND FAILURES; RESULTS OF UNTREATED LAND VS. BEST TREATMENTS 
Number Yield per A 
clover Number Per cent 
Field seedings of stands stands Untreated Treated Increase Treatment giving best yield 
fbs. fbs. fbs. Billings ___________ 10 6 60 1577 3622 2045 Legume, lime, bonemeal, potash 
Bowling Green _____ 7 4 57 700 3816 · 3116 Legume, lime, bonemeal 
Eldorado Springs ___ 6 5 83 300 2233 1933 Lime, acid phosphate, manure 
Hurdland _________ 10 4 40 2169 3600 1431 Legume, lime, bonemeal, potash 
Maryville _________ 13 10 77 5066 5576 510 Legume, lime, bonemeal, potash 
Poplar Bluff _______ 5 5 100 1504 2423 919 Legume, lime, acid phosphate, potash Salem _____________ 5 3 60 558 2167 1609 Legume, bonemeal, potash 
St. James _________ 12 8 67 452 3974 3522 Legume, lime, bonemeal, potash 
Strafford __________ 8 8 100 714 2433 1719 Bonemeal 
Union _____________ 11 4 36 938 3398 2460 Legume, lime, bonemeal, potash 
Willow Springs _____ 8 8 100 704 2982 2278 Acid phosphate, manure Windsor ___________ 7 4 57 813 2990 2177 Lime, acid phosphate, manure, potash 
Average _______ 
------ ------
69.7 1291 3268 1977 
------------------------------------
- - - ---- - -
TABLE 15.-AvERAGE EFFECT OF VARIOUS FERTILIZERS UPON THE PERCENTAGE INCREASE OF GRAIN AND STRAW 
. 
Percentage increase due to various treatments 
Acid Rock 
Crop phosphate Bonemeal phosphate Lime Potash Manure Legume 
Corn Grain 33 16 2+ 12 8 39 4 
Stover 19 10 2- 8 6 30 3 
Oats Grain 30 17 4 5 3 14 2 
Straw 27 11 10 6 2 17 14 
Wheat Grain 82 44 44 9 5 43 8 
Straw 78 37 16 5 
-D.7 42 8 
Soybeans Grain 49 39 6 14 1 19 
Straw 22 23 6 13 4 44 3 
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EFFECT OF VARIOUS )i'ERTILIZERS UPON THE PERCENTAGE 
INCREASE OF GRAIN AND STRAW 
The statement has often been made that one of the chieffunctionsof nitro-
gen is to increase the production of the vegetative parts of the plan t. On the 
other hand phosphorous has been supposed to affect chiefly the production 
of grain. Table 15 (page 19) shows that whenever there is a material increase in 
grain it is also accompanied by a marked increase in the straw. In only five 
instances has the increase in straw been greater than the increase in the grain. 
Phosphates have very greatly increased the yield of straw and stover as shown 
by the results with acid phosphate and bonemeal. Manure has also greatly 
increased the yield of both grain and straw, but in the case of oats the increase 
in straw has slightly exceeded the increase in grain. With corn and wheat, 
manure has increased the grain to a greater extent than the stover or straw. 
In experiments carried on at Columbia the addition of small amounts 
of nitrogen in the fertilizer has increased the yield of straw 7.23 per cent while 
the increase in the grain has been 9.0 per cent. This shows further that the 
general statement that nitrogen affects principally the straw growth, may be 
true only for certain soils or possibly with excessive amounts of nitrogen. 
EFFECT OF DIFFERENT FERTILIZER MATERIALS UPON NET 
RETURNS 
L'me- Manure aCId. BOl1e-
S1'one "Phos. mea I 
Fig. 7.-Relative net returns {rom various soil treatments used on 
Missouri Experiment Fields. 
The average increase in the net return during a four year rotation that 
can be attributed to each fertilizer material has been summarized in Table 
16. This shows that in these experiments manure and soluble phosphates 
a re the outstanding things in increasing yields. On certain fields lime has been 
found to be one of the most essential things, but on the average it has given 
smaller net returns than phosphates. Part of this effect is due to the fact 
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that phosphates are much more efficient than lime in increasing the yicdds 
of grain crops. They are also equally as effective as lime in increasing the aver-
age yield of hay. (See also Fig. 7) 
TABLE 16.-EFFECTS OF VARIOUS FERTILIZERS IN A FOUR YEAR ROTATION 
Fertilizer 
Legume _________________ _ 
Lime ____________ _______ _ 
11anure _________________ _ 
Bone MeaL _____________ _ 
Acid Phosphate ______ ____ _ 
Rock Phosphate _________ _ 
Pota~h ____________ _ , _____ _ 
Total Net Return 
Per Rotation 
$-.47 
2. 74 
7.48 
9.79 
8.36 
-1. 79 
1.56 
Percentage Increase 
on Investment 
-59 
68 
93 
187 
191 
-29 
126 
RESULTS FROM THE BEST TREATMENTS 
One very important fact brought out in these experiments is that on 
practically every soil there has been some treatment that has given satis-
factory increases. It has not been the same treatment in all cases. This is 
because the soil requirements vary somewhat and also because the treat-
men ts themselves were not exactly the same on all fields. Table 17 gives a 
So11 Properl~ 
Treated 
COl"n Clover 
L;. 0 )\ . 4£OA 
Oats Wheair 
~0J\ ~OA 
160 .l. 
~o Soil Treatmente On This 
Farm 
Corn Clover 
5.3 A /01 A 
Oairs Wheat> 
S L;. A 75" A 
263 A. 
Fig'. S.-These two farms !>roduce the same amount of crops. The averag'e results from 
all fields show that the increase due to the best treatments has been sufficient to make 160 
acres of land produce as much as 283 acres which received no treatment. 
TABLE 17 .-AVERAGE YIELD FROM ALL EXPERIMENT FIELDS OF CHECKS VS. BEST 
TREATMENT 
Average 
Average yield best Value of 
Crops yield checks treatment Increase Increase Increase 
bu. bu. bu. % $ Corn __ ____ 24 . 15 34.90 10.74 44 5.37 
Oats ______ '_ 26.88 36.22 9.34 34 3.74 
WheaL ____ 10.01 18.71 8.70 87 8.70 
Ibs. Ibs . Ibs . 
Clover hay_ 1291 3267 1976 153 9.88 
Soybean hay 1,287 2049 760 59 3.80 
Cowoea hav 2196 3190 994 45 4.97 
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summary of the results of the best treatments as compared with the untreated 
land. On nearly all fields phosphate in some form was included in the treat-
ment giving the highest yield. Lime and manure were also included in a large 
num ber of these. On fields where the combination of all three of the above 
materials were present the yields have usually been outstandingly high. 
Figure 8 will represent graphically the results for a four year rotation as shown 
in Table 17. 
HOW CROPS VARY IN THEIR RESPONSE TO FERTILIZERS 
The net return derived from the use of practically any commercial ferti-
lizer will depend largely upon the crop to which it is applied. An average of 
the results of these fields as given in Table 18 shows that for the most part 
phosphates have been far more profitable when applied with the wheat than 
when applied to the corn crop. In this work the clover and oats were not 
fertilized directly but were allowed to utilize the residual phosphate from 
the wheat and corn fertilization. It will be noted that potash has given its 
greatest effect upon corn and its smallest return on clover. It will be seen that 
corn has given a very marked return and wheat a good return from potash, 
while none of the hay crops have given a profi t. 
Soy6-eo.ns 
Fig. 9.-Relative yields of Soybeans and Red Clover hay from the untreated land 
and the treatments giving the best yields. The un shaded columns represent the yield 
from untreated plots, while the shaded columns represent the yield from plots reo 
ceiving the best treatments. The soybeans have been increased 59.2 per cent, and 
the red clover 153.0 per cent by treatments. 
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TABLE 18.-PERCENTAGE INCREASE ON INVES'TMENT FOR ;FERTILIZER BY DIFFERENT 
CROPS 
Acid Rock 
Crop Bone Potash Manure phosphate Lime phosphate 
Corn _______ _ 54 305 147 137 62 -75 
Oats ____ __ __ 51 22 -16 96 -61 -63 
Wheat ______ 308 193 122 302 19 37 
Clover hay ___ 333 -19 56 230 254 -19 
Soybean hay _ 21 00 42 -21 15 -71 
Cowpea hay_ 17 00 8 
- -
-48 23 
Clover has given far better returns from the use of lime than has any ,of 
the other crops. In fact the chief reason for the use of pulverized limestone 
on Missouri soils is for its effect upon red clover, sweet clover and alfalfa. 
Figure 9 illustrates the fact that certain legumes like soybeans do not give as 
great response to soil treatments as does red clover. This is due partly to the 
fact that the clover remains on the land longer and therefore has more time 
to utilize the added plant food material and also to the fact that the soil 
treatment is often an important factor in getting a stand of red clover while 
it may have little or no effect upon the stand of soybeans. 
EFFECT OF MIXED FERTILIZERS VS. ACID PHOSPHATE UPON THE 
YIELDS OF WHEAT 
On a small plot of ground on the Experiment Station Field at Columbia 
a series of tests have been carried on to determine the specific effects of small 
amounts of nitrogen and potash in a mixed fertilizer. Fifty-five small plots 
were laid out in 1919. This provided for replicating each treatment eight times 
and the check plot seven times. Averages of the eight plots were taken as 
the average for that treatment. The averages for 1919-1921 and for 1923-24 
are given in Table Hl. In 1922 no fertilizer was applied and only the residual 
effect was obtained. The yields for this year are given in Table 20. This 
table also includes the results with red clover for 192.5. 
TABLE 19.-AVERAGE YIELDS OF WHEAT FROM LAND FERTILI ZED WITH ACID PHOSPHATE 
AND MIXED FERTILIZE,RS 
(In bushels per acre) 
Av. in- Increase lncreas e 
Av. yield In- Av. yield In- crease for for 
1919-21 crease 1923-24 crease for 5 yrs. nitrogen potash 
Acid phosphate 
1251bs. _____ 25.66 10.59 25.30* , 9.27 10.06 
--- ... 
----2-12-0, 1671bs. _ 27.30 12.23 26.30* 10.27 11.45 1.39 
-- --
2-12-2, 167 Ibs._ 
Acid phosphate 
27 .48 12.41 28.42* 12.39 12.40 
----
0.95 
150 I bs. _____ 27.36 12.29 25 . 37t 9.34 11.11 
- ---
----2-12-0,150 lbs._ 26.84 11.77 2S.34t 9,31 10.79 
---- - - --2-12-2,150 lbs. _ 25.84 10.77 25.25t 9.22 10.15 
---- -- --No treatment-_ 15.07 
----
16 . 03 
- - -- -- -- ---- ----
*Durmg 1923 and 1924 the applIcatIOns were: aCid phosphate 150 Ibs., mixed 
fertilizer 200 Ibs., Mixed fertilizer contained same amount of phosphorus as the 
16% acid phosphate. 
tAll at rate of175Ibs. 
These tables show that if the results for the five years-1919-1923 and 
1923-1924 when the fertilizer was applied to the immediate crop are averaged 
24 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 238 
the addition of 2 per cent nitrogen has given an increase of only 1.39 bushels. 
At ordinary prices for fertilizer and wheat, this increase would hardly repay 
the additional cost of application. Likewise, the potash has increased the wheat 
yield by 0.95 bushel. Although it seems that these materials have had some 
influence upon the increase in wheat yield of this soil, their effect has been 
too small to be significant. When the three fertilizers have been applied at 
the same rate per acre, the acid phosphate alone has given greater average 
yields than the mixed fertilizers. 
Table 20 shows that if the fertilizer is left off one year and wheat again 
seeded the increase is small as compared with the effect of fertilizer applied 
directly to the crop. That is, the residual effect of fertilizer on this soil is not 
great where wheat follows wheat, because the second crop is too far removed 
from the time of the fertilizer application. During the season of 1925, clover 
which had been seeded in the spring of 1924, showed a very marked residual 
effect of the previous fertilization. The clover derived more benefit from the 
residual fertilizer than the wheat, probably because the fertilizer was an im-
portant factor in giving the clover a good start in 1924. A comparison of the 
percentage increase on wheat and clover following a previous wheat crop 
fertilized shows very strikingly the difference in the benefit derived by the 
two crops from the previous fertilization . 
TABLE 20.-RESIDUAL EFFECT OF FERTILIZERS ON SECOND VI'HEAT CROP AND ON RED 
CLOVER FOLLOwiNG WHEAT 
(One year's results on each) 
16% acid 16% acid 
phos- phos-
phate 2-12-0 2-12-2 No soil phate 2-12-0 2-12-2 
1251bs. 1671bs. 1671bs. treat- 1501bs. 1501bs. 1501bs. 
per acre per acre per acre ment per acre per acre 
Wheat (bushels) 1922" _______ 16 . 10 16.31 16.67 13.37 15.99 17.19 15.01 
Percentage in-
crease over no 
treatment ___ 20.42 21.99 24.68 
-----
19.60 28.57 12.27 
Red clover (lbs.) 
1925t _____ . __ 2564 2622 2567 1413 2780 2500 2419 
Percentage in-
crease over 
no treatment- 81.46 85.56 81.67 
--- --
96.75 76.93 71.20 
"The pr.evious application of fertilizer was made in October 1920. 
tThe previous application of fertilizer was made October 1923. The rate of ap-
plication was as shown in Table 19 for 1923-1924. 
From the results of these experiments the exact place of mixed fertilizers 
jn the cropping system for Missouri farmers has not yet been definitely deter-
mined. It seems safe to say, however, that in the majority of cases the small 
amounts of nitrogen and potash added in ordinary mixed fertilizers with rela-
tively low applications cannot be expected to make any very marked difference 
in .the yields of our common field crops over what can be obtained by the use 
of acid phosphate or bonemeal alone. Furthermore, when the additional cost 
of mixed fertilizers is considered their practical use is still further limited, 
particularly when used in a good cropping system including clover or other 
legumes. Their use should therefore be recommended on particular soils 
dr'with special crops. (See Missouri Agricultural Extension Service Circular 
133.) 
PART II. 
Results From Individual Fields 
Part II of this bulletin gives a brief summary of the results obtained 
from the more important types studied. Some other fields have been conducted 
but due to their short duration the results are not reported in detail at this 
time. There is a great need for much further work on many important soil 
types of the state . 
. These figures can be applied locally much more accurately than the 
general results given in Part 1. 
Recommendations for soil management on each type are included. 
These recommendations are the results not only of the experiments conducted 
but also of much observation of farm practice on these soils. 
It is believed that if the principles brought out in these recommenda-
tions are thoroughly understood and judiciously applied on the particular soil 
type in question, the crop yields will not only be greatly increased, but the 
crops can be produced with greater economy. Furthermore, the fertility of 
the soil will be kept on a higher level than under the present systems of farm-
mg. 
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MARSHALL SILT LOAM 
The Marshall silt loam is agriculturally the most important soil type in 
Missouri. It is also one of the most extensive. It is a prairie of loessal origin 
and has its widest distribution in the western and central parts of the State. 
The surface soil of this type ranges from 10 to 20 inches in depth and 
consists of a dark brown to black, mellow silt loam. The subsoil is deep and is 
a brown or yellowish brown silt loam or silty clay loam. The topography is 
undulating to gently rolling. The Marshall silt loam is the dominant corn soil 
of the corn belt. 
Fig. lO.-The location of the Maryville Field is indicated by 
the black dot. The extent of. the soil type which it represents 
is indicated by cross·hatching. 
Soil Management.-l. On the Marshall silt loam crop rotations includ-
ing red clover, sweet clover or alfalfa should be used. Where the land does not 
erode badly corn may be used twice in the rotation without damage to the 
soil, provided sod legumes are also used. 
2. Phosphates will give only small returns except on eroded or heavily 
cropped land. 
3. Potash is abundant in this soil and returns from applications of this 
materialas a fertilizer cannot be expected to be great. 
4. Manure should be used in connection with a good cropping system. 
Much attention should be given to the care of manure. 
5. Corn yields will be greatly increased if the crop follows a sod legume. 
6. The yield of alfalfa has been profitably increased by the use of lime. 
7. Lime has given only small returns on the yields of other crops. It 
can doubtless be used with profit on sweet clover on many farms. 
Til E ~(l I L S I ~ X I' EKD!E r'\ T FI ELOS OF l\ Tr SSOl'RI 2i 
T A RL E 2 1.- I\\ AR SH A I.I. S ILr L OAM, A n : RA('E YI E L» ' o r / \1.1. CRO PS III I'H " AR JOl' S 
T REAT MEN T S ON I\1 AR , HA LI. SILT I.OAM 
( Yi eld s P ' I' :l C I'C ) 
Corn O a t' 
I 
\\ ' heat ( lo I'e r 
Soi ls tre a t me n t 1-' c rops II l' rop~ II cn lp '" X crops 
----
----
Oil . bll. 1m. los. 
l.eg ul11 e 31 •. .} .1 .}O .l' 27.4K 52'}1 
Leg um c , ho ne ll1 e a I .lH. 50 H . '} 2 29 .. 1x 5+1>6 
No lrea tm e nt 3H. f> I .}1l .2 5 26 .71 50 I X 
Leg u l11 e, hon c mcal , po tas h .1 H . .11 .}~. i.2 2<J.25 5250 
Legulll L') hOl1 cme al , po ta s h , Ii Il1 L'1 
Slo ne 
-------- - -
.VJ. :!.1 -1 1>. 111 31.0.} 5576 
Legum e, roc k phosph :l lc .17 . h I -13. X.} 2H . .} H 52611 
No t reat me n t .1'1.1 1 40 . 5. ~ 21>. 51 511 5 
Roc k p hos phare .1X. '1.1 -1 2.2 1 2X.O' 5 0 ~.1 
1\1 a n ure .}2 . '1 .\ .}H . . 1'1 .l1l .11 • 5JO(' 
Manul'c , rn k ph' '' phare .1'1 .0 ,1 -I , . '12 .l1l. X5 5172 
Fi g. II .- Alfa lfa is an exce ll cll l cro p fnr 11 a rsha ll s ill loam. T he ) ie lrl 
is ill crea sed hy limin g. 
Plot 
44 
45 
46 
47 
48 
49 
50 
TABLE 22 .- MARYVII. LE E X PE RIM ENT S-SE RI E S F ROT A T ION S 
( Yi eld s o f o rn in Bu she ls pe r Acre) 
C;ain 
Yi Id Yi eld ove r Yi eld 
Rotation 1915 1919 1915 1923 
---' I ~~rn, soys, on ts, clover - - - -- 30. 20 43.32 13. 12 58 .00 
orn , on s, s. cl. , s. cl. , ______ 22.80 31 . ~ 4 9 .04 67.90 
Corn, onts, t. & cl. , t & cl.. __ 17.70 46.64 '2B .94 67.S0 I ~~rn, OatS, wheat, c1over ____ 25 .20 46.6_ 21.-12 67. 10 
orn, onts, wheat, so ys _____ 27.40 29.65 2.25 6S.60 
1<;:0 1'11 , corn , ORtS, clover __ __ 23. 10 40.34 17.24 60. SO 
ICo rn, corn, corn, corn ______ 4.40 10.97 6. 57 13.40 
---
Gain 
over 
1915 
.---
27 .80 
45. 10 
50. 10 
41.90 
41.20 
37.70 
, 9.00 
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TABLE 23.-AvERAGE INCREASE IN CROP YIELDS, VALUE, AND NET RETURNS FROM 
VARIOUS SOIL TREATMENTS ON MARSHALL SILT LOAM 
(Yields per Acre) 
Value Cost of 
Clover of treat- Net 
Soil treatmen ts Corn Oats Wheat hay Increase ment returns 
bu. bu. bu. Ibs. $ $ $ Legume _______ 
-2.18 0.00 0.77 223 0 .79 0 . 80 -0.01 
Legume, bone-
meaL _______ 
-0 . 11 4.17 2 . 67 448 6 . 53 6.04 0.49 
Legume, bone-
meal, potash_ -0.29 4.37 2.54 232 5.31 7.28 -1 . 97 
Legume, bone-
meal, potash, 
limestone ____ 0.62 5 . 76 4.33 559 9 .73 II. 28 -1.55 
Legume, rock 
phosphate ___ -1.60 3.31 1.97 IiI 3.24 6.80 -3.56 
Rock phosphate -0 . 28 I. 68 I. 56 -41 I. 89 6 .00 -4.11 
Manure _____ __ 3.72 7. 86 3.75 191 9.70 8.00 1.70 
M anure, rock 
phosphate ___ -0.1 8 5 . 39 4.34 57 6.75 14.00 -7 . 25 
SHELBY LOAM 
Fig. 12.-Map showing extent of Shelby loam in Missouri. The Laclede Fie!d, 
near Laclede, in Linn County. 
The Shelby loam includes the rolling glacial lands in the northern part 
of the state. It is a black or dark brown friable loam. The surface soil con-
tains enough sand to give it a gritty feel and sand and fine gravel of glacial 
origin occur throughout the soil mass. The subsoil is a yellowish-brown, 
tenacious, sticky, sandy clay. Lime concretions occur in the subsoil and may 
often be seen along road cuts. The topography varies from gently rolling to 
hilly. 
TilE ~I) II. S I ~ X I'EI<I.\IE NT FIELDS OF l\1TSSOl'RI 
Suggestions for Soil Management.- I. Th e Shelh y loam is rolling to 
hill y and erodes hadly during hr a\' y rain s. For thi s rea son much of it shou ld 
be kept in pa sture and hay land. 
2. \Vh ere th e soil has hee n reasonahl y well handl ed it will produce good 
crops of mi xed hay including clove rs. By proper treatment it will produce 
good yield s oi a lfalfn and swee t clove r. 
3. On worn soil s, acid phosphate or honcill ea l should he used with the 
small grain crops parti cularl y ii they ;Jr(:' to be foll owed by clover or grass. 
4. \Vhil e the experim ents do not show very marked retul'll s from manure 
it should be lI sed on corn or as a top dress ing on wheat. 
ii. Some pota sh can prohahly he added to the phosphate with conside r-
ah le profit. This will not he so important, however, on land rece iving a regu lar 
ap pli ca ti on of manure. 
n. Lim e is not greHl y nerurd h)' thi s so il in most places. However, 
there nre certain places where lim e will give good resu lts with crops like red 
clove r and sweet clover or in es tahli shing a stand of alfalfa. 
Fi . IJ . A goo I r op of alfalfa on we ll 
Ire. led S he lby loa m . 
TABLE 24.- Av ERAGE YJELD S or AtL ROP S WITH VARIOU S TREA TMENTS ON SHELDY 
LOAM 
(Y ield s per Acre) 
Corn Oats Whent Clover I Cowpens 
Soi I tren tmen t 6 crops 6 crops 6 crops 2 crops 4 crops 
bll. bll. bll. Ibs. Ibs. 
Leg ume (in corn) ________________ 32.6 28.3 14.4 2970 2727 
Legume, bone menL ___ ______ _ _ 39. 1 35.3 16.9 4540 3377 
Legume, bon e mea l, lime _ _ _ _ _ __ 43.3 37 .3 16.8 4650 3604 
Legume, b ne meal, lim e, potash _ _ 48. 1 40.3 J9.9 4940 3582 
No trentm enL ___ __ ____ _ 8.8 32.7 13. J 3426 2396 
~anure __________ _ 49.4 35.6 14, 9 3104 2637 
Manure, rock phosphn~e~ - ___ ~ __ : : 47.5 35. 1 14.5 3560 31 16 
Manure, rock phosphate, leg llm e ___ 45,8 35,6 14.3 3670 3277 
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"fA II I. E 1 5. -.·\\ · ERAC;E I N REA S E I N CROP YIEI.D S , "AI.I ' E, A N D :'\ET I{ ETLRN S FROM 
I ~A C H TREATME NT (Yie ld s pe r .'\cr ·) 
I \ . a lu e 0 f Cost of \'ct Soi I t rea tm e n t Cor n Oars \\ 'hea r C love r llH.: rca ~c trCii t. re turn s 
_._-- 1 
-------
I .l·g ull1 d i n corn ) I 
011. 011. 011. lin' . 'f. 'f. ~ 
- (,.2 
- +.+ I . J - +5(, -S .H O. ~ () - (,.(,+ 
Legum e, hOll e· 
Ill caL __ . I 0. 3 2.6 J. S 111 + 10. Sf, 6.0+ +. 52 L egulHe, ho ne. 
meal,lim e +. 5 +.6 3. 7 112+ IJ. 'J I 10.0+ J. :.(, 
r .t! ~un l C' , hOlle· 
mea l, lilll e , 
p",:I , h ..••. () . .l 7 '(, (,. X 151+ 22.0f> I I .2 K IO . /x 
M :t Ill! re .. __ .. ID. h 2. () I . H - 322 (>. h S ~ . OO - 1 .. , 5 
Manure , rock 
ph os ph are 
··1 H. I 2.+ I . + 1.1+ 7 .J H 1·1. O(J - 6 . (,2 
l\1 :t "" re rock 
ph", ., ICg lllll C 7 .0 1.9 1. 1 2·1+ 7 .0K I+ .HO -7 .72 
Fig. 14.-She Jby 103m erodes bad ly unci mu ch ca re s hould he tnkcn to prevent large dilches. 
T AO I.E 16.-AvERAGE EFFE T OF TNDI VTDUAL 5011. T REATMENT S UPON I NCREA S E I N 
RO I' S AND NET ]{ ETU RN S ( Yi e ld s pe r A re) 
Va lu e o f Cost of l"et 
Soi l rJ'ca tmen r orn Oars Wh ea t love l' In I'ense tl'ea t. ret urn s 
bll. bll. Oil. illS. $ $ $ 
Leg um e (a lone) - 6.2 - 4.4 1.3 - 456 - 5.84 0 . 80 - 6.64 
L eg u me (With 
111anure roc k 
phosph are) __ 
- 1. 7 0 .5 - 0. 2 11 0 - 0. 30 0 .80 - 1.1 0 
Bone mea l (With 
legum el- ____ 6.5 7. 0 2.5 1570 16.40 5 .24 11.1 6 
Lim e ________ . 4.2 2. 0 - 0.1 11 0 3.35 4.00 - 0.65 
Pota sh . __ __ __ . 4.8 3.0 3. I 290 8. IS 1. 24 6.91 
Man u re .. __ .. _ 10 .6 2.9 1. 8 - 322 6 .65 8. 00 - 1.35 
R ock ph os phate 1.9 - - 0 . 5 -0.4 456 0. 73 6 .00 -5.27 
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LINDLEY LOAM 
The Lindley loam includes practically all of the rougher glacial land in the 
northeastern part of the State. Small areas of the type are found along with the 
Shelby loam in North and Northwest Missouri. It is the rough white oak 
land of this region. The soil is low in organic matter due to excessive erosion. 
The topograph}' varies from gently rolling in areas adjoining the prairies to 
yery rolling or hilly near the large streams. Much of the type is too steep for 
successful, cultivation, and these areas are usually kept in grass or timber. 
The surface soil is usually shallow, light colored (grayish-brown) and con-
tains some sand. The subsoil is much like the Shelby subsoil in being a yellow 
sticky sandy clay. 
Fig. IS.-The Kirksville Field, in Adair County. 
Suggestions for Soil Management.-l. The greater portion of this soil 
type should be kept in pasture. It is good bluegrass land and pastures usually 
contain much white clover. On newly cleared land alfalfa and clovers may 
often be grown quite successfully in the pasture. 
2. On accoun t of the rolling topography very Ii ttle of this soil type should 
be kept in corn. Small grain may be grown on limited areas where the slopes 
are not steep .. 
3. The soil makes good hay land and with proper treatments may pro-
duce good crops of clover and timothy and in some cases sweet clover and 
alfalfa. 
4. Some acid phosphate should be applied to small grain that is to be 
followed by hay. 
5. Manure should be applied to corn, or small grain land and if the 
supply is sufficient it may be applied to hay or pasture land. 
6. Lime is not badly needed except on badly worn farms or for clover, 
sweet clover, and alfalfa. 
TAnir 27.-:\ VERA E YI E LD S 0 1 CRO!' ., P ROD I ' ED WITII Dl rFERr~1 TREAIME~I" 0" 
LINIJLE\' S ILl' LOAM 
( Yield s per Acre) 
Corn SO)'hC;1I1 
Soil tr eatm e nt 5 c rops ha l' J c ro l S' 
bll. Ibs. 
Acid phospha te 
---
.1H.68 259 1 
.'\ id ph os phale, lim estone .19 . 112 2991 
No 1 rearm en t 
--
J7 .411 2H50 
Manure, acid phosphate 42. 1(, J2HJ 
Manure, acid ph os phate, lim e-
,tone 
--
43 . 47 3275 
Wh ent 
4 crop> 
bll. 
IO.i4 
1.\.(14 
7..15 
16 .. 12 
14. 71i I 
Heel c l" I'c r 
o ps .In 
lb. <. 
.15 
'-I 
.l/ 
IX 
)3 
';2 
70 
2K . 
39 
)() 
'H ' 
-- ---
Fig. 16.-Lindley loam i. good pa sture land. 
T'he forage Ci'\ n som elimt!s be improved Oil l1 ew land 
by seeding a lfalfa. 
TABLE 2 8 .- I NC REA 'E AND ET RETURNS D E TO OI L TREATMENTS 
(Yi e ld s pe r Acre ) 
So),- Value Cos t of 
bean R ed of in - trea t - re t 
oi l tre atmen t orn hay Wheat c love r crease men t return 
bll. Ibs. bll. Ibs. 1> 1> 1> 
Acid p hos-
phate ______ I. 20 - 259 3.44 666 6.08 4.36 1. 72 
Acid p hos-
phate, lime-
s tone ______ 2.34 141 5.7 941 12.30 8.36 3 .94 
Manure, acid 
phospha te __ 4.68 433 8.96 I I 18 19.05 12. 36 6.69 
Manure, acid 
ph sph ate, 
lim es ton e ___ 5.99 425 7. 40 1638 20.7 1 16. 36 4.35 
33 
TAIlI.F. 2'). l :-'cREA'E ~R(H' I NI)'I"II), ' A, . SOli . TREA " M£~"" ANI) :-\1': ' R ETl' RN, FROM 
EACH tiNDER J)'FFER F.N ' :\1£'"01) , OF .-\ ""I.ICA"'IO~ 
(Yield s per Acre) 
SO\'- \. a lu e COSt of 
hean Red of ill - trea t- Net 
Soi l tre: IIIlle"H Corn ha l' Wh ea t clover crease mcn[ ret urn 
---------
_. 
bll. lb.,. bll. 10J. 'Ii 'Ii 'i> 
.'\cid p hos-
phate (a-
lone) 1. :20 - 25') 3.-14 {;66 (d) H -1. 36 1.72 
Lime (with ac-
id ph os ) 1. 1-1 -lot) 2.29 275 6 . :2J -1.00 2 .23 
:\ 1 anllre (used 
with acid 
phosp ha te l J . -I ~ (,92 5 .52 -1 52 12 .\lX H.UU 4.n 
;\1.'11 li re ( ll sed 
wit h acid 
phospha te IX 
lim e 3. (,5 2H I .n 697 H.J9 X. OO 0.39 
Lim e ( L1 sed 
with manure 
a nd acid 
~osph ate) 1.31 - 8 - 1.51) 520 , -1 3 -1 .00 - 1.57 
GRUNDY SILT LOAM 
Fig. 17.- Th e Hurd lnnd Field, loca ted on Gr und y sill 10. 111 . 
The rund y silt I am n titute one of the clark colored prairie soil s of 
North Mis ouri. It is confin ed t the br ad interstream divides of undulating 
prai ri e areas. It is often fou nd occupying the ridge tops within areas of the 
helby loam. In general the soil i very gentl y undLllating and usuall y has 
sufficient lope for good surface drail1age. The oil is excell ent for general 
farming. The surface so il is eas il y til led. The subso il is a h ea l ' ~ ' clal' , but thi , 
rarell' has a ny' verr serio li S effect o n plant growth. 
SOllle of the fines t fa rm s in the state are located on th is ty' PL! of ~() il. 
Fi g .... I ~ an d I li,-( l.dl) (, Invt'r seeded withuut so il lrc.:alll1t' ul. ( I<i/otlll ) Clu\(~ r lan d 
tr~alf'd wi th lime alJu phosphate.: ;1I ..,ures a !"J l ~ ltd. 
T ARI.E .10. - :\\' ERAGE EFFECT or I NDIVIIlI ' AI . SIlIL T REA ,' MENrs l l l'OI> I NCREA'E " 
CROP S AND NET R ETURNS-GRUND\' S , LT L OAM 
Soil rrcatm ent 
Leg u me (peas in 
hillwi t h c() rn ) 
Ronemea l __ _ 
Lim e ____ __ _ 
Potas h _____ __ 
{anu re 
Rock p hospha [e 
Lea; u me (used 
with ma nure 
and rock 
ph osp hate ) _ 
l in trea red yie ld 
Corn· 
bu. 
-2.37 
1. 9 1 
4 . 71 
2 .36 
7 . 6 1 
- 1.23 
- 4.24 
3 1.91 
(Yie lds I er i\ ere) 
\' it I Ill.: 
() ( i n -
O .t tS V,h ea t Clover creas e 
' o s I o( 
l rcal-
m e n t 
l'\ n 
re tu rn 
--1----1------- . ---
bll. 
1.37 
3.H5 
2.62 
O.~O 
4.86 
().8 7 
3.30 
25.59 
bll. 
O.O H 
5 .+5 
0 .9H 
O.+J 
J.5·1 
- 0. 3+ 
1.33 
10 .49 
/b s. 
9+ 
825 
+++ 
69 
532 
1++ 
262 
2169 
- O.OH 
12.0(\ 
6.(\() 
2.27 
11.9+ 
0. 12 
1.84 
0. 80 
5.24 
+.00 
1.2+ 
x.OO 
6.00 
0 . 80 
O. XX 
6. H2 
2.60 
1.03 
3.'){ 
-5 . 88 
1.0+ 
· Res ults on co rn and w heat are ave r age from Hurd la nd and U n ion vill e field s. 
Oats and clover from Hurd land on ly, Manure and roc k p hosp h ate treatments 
were not used at Unionville. 
Soil Management.- I. ne of the g rea tes t needs for the improvement 
of thi s o il is the employm ent o f systems o f c ropping that meet the need s of th e 
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livestock on the farms and in addition tend to maintain the supply of nitrogen 
in the soil. 
2. More legume crops must be grown on this land if it is to maintain 
its pres en t state 0 f fertility. Annual legumes like soybeans are of value, 
but it is more important to produce sod legumes like red or alsike clover, 
sweet clover, and alfalfa. 
3. In most cases these sod legumes will not be successful unless the soil 
is treated with lime and phosphate. 
4. Barnyard manure is one of the most importan t factors in main taining 
the productiveness of this soil. More manure should be produced; less should 
be wasted. Crops should be pastured in the field whenever possible. 
5. Lime is needed on much of this land particularly for red clover, sweet 
clover, and alfalfa. These crops are essential for the economic feeding of live~ 
stock. 
6. Phosphorus should be applied to all small grain crops that are to be 
followed by clover or hay. Acid phosphate or bonemeal at the rate of 150 to 
200 pounds an acre is a satisfactory application. 
7. Potassium has brought fair returns, and small amounts may be added 
with the phosphate or in the form of mixed fertilizer. 
S. Land owners handling their lands through tenants should provide 
for as long leases as possible, and in addition should plan a system of coopera-
tion with the tenants by which the fertility of the soil may be better main-
tained. 
PUTNAM SILT LOAM 
7",~/ds 
.Bow /"g Gteen 
.Pulron 
AHigh Hill 
YMonroe crr!J 
.vandalia 
• Weni!:zville 
Fig. 20.-Experiment fields on the Putna,m silt loam. 
The Putnam silt loam represents the level prairie land in the eastern part 
of North Missouri. The ·silty surface soil varies in color from light to dark gray 
when dry, to dark brown or almost black when wet. The subsurface soil, 
particularly on the more level areas, is a silt loam and when dry is very gray 
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in co lor. Thi s g ray la)'e r usually con tain s s l11all iron concret io ns CO llllllOn h · 
call ed "buckshot". T he suhso il hegin s at Hi to 20 in ches and conta in s an uppe'r 
la )'e r 8 to L2 in ches thi ck o f brown to dark brow n stiffimper vious c ia)' pan often 
incurrec tl)' call ed hardpa n. Be low thi s li es a ye ll ow ish-g ra y o r dr:l h, rath er 
friabl e, silty cia)' . T hi s soil differs from th e G rund y s ilt loa 111 in th e Ill ore level 
to pography, li ghte r co lorcd surface soil , more prono un ced gnl)' subsurface 
laye r and th e ma rc a hrupt c hange from th e subs urface s ilt layer tu th e c ia)' 
s ubsoil. 
Fig. 2 1.- Wh ea l on TI ow lin g Gree n rield. I'l l S. 
(T, d!) 1\0 lrealm e nt. y ieicl 10.8 bu . ( Ri g ht ) I'h" ,· 
plt or u ~ , yield 27.'-t bu. 
T A Rl. E 3 1.- AvERAGE I NCREASE I N CROP YIELDS AND NET R ETURNS !' ROM SOIL 
TR EATME NTS ON P UTNAM S ILT LOAM- R ESU I.TS FROM Srx FIEI. D S 
Acid* Rock 
Bone- ph os- phos-
rap meal ph ate Manure Potas h phate Lim e Leg um e 
bll. b,1. /111. bll. bll. bu. bu . 
Corn __________ 3 .54 3. 08 6.42 1.53 1. 31 3 .03 1, 15 Oa t5. _________ 4 . 37 5.35 3. 16 . 14 2, 18 l. 62 3.83 
Wh eaL _______ 6 . M3 6.55 4. 75 1. 25 2 .32 1.22 0 . 10 
' bs . fbs. 'bs. fbs. fbs. fbs. C love r ________ 817 
-- -
567 -250 450 2266 33 
'$ '$ '$ 'f, '$ '$ '$ 
Va lue of 111-
crease _______ 14.41 to. 23 12. 05 0 .82 6 .09 14 .7 1 2.36 
ost of trea t 
ment _______ 5.24 3.27 8.00 1,24 6.00 4.00 .80 
Net re turn _____ 9, 17 6.96 4.05 - 0.42 0.09 10 .7 1 I .55 
% R eturn on in-
vestment ____ 175 213 51 - 34 2 268 195 
*Acid Phosphate used only on Wentzv ille fie ld and no clover was grown he re. 
Increase calc ulated on three-yea r res ults. 
Soil Management.- l. Experiments on th e Putnam silt loam toget he r 
with observations of the best farm practice in this r egion enables the Experi-
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ment Station to make certain definite recommendations for the management of 
this soil. 
2. In handling this soil the adoption of a systematic crop rotation is 
very important, provided the land has been put into condition to grow legume 
crops like clover or sweet clover. These are essential for making a rotation 
serve its true purpose. 
3. To grow these sod legumes successfully, finely ground limestone 
should be applied at the rate of two to three tons per acre. An additional ton 
or two should be added every four to six years. 
4. Phosphates in the form of acid phosphate, bonemeal, or mixed fer-
tilizer should be applied to small grain crops at the rate of 175 to 200 pounds 
per acre. This will not only benefit the small grain, but will greatly increase 
thegrowth of clover. 
5. Manure should be added before corn or as a top dressing with wheat. 
An average of 1}1' to 2 ton's of manure should be produced annually per acre 
of cultivated land. Much of this should go back directly by pasturing crops in 
the fields or by establishing temporary feed yards where manure is most 
needed. 
6 . . Potash has been of little benefit on this land and no attention need be 
given this element until the needs of the soil for lime and phosphate have 
been met. 
OSWEGO SILT LOAM 
Fig. 22.-The Windsor Field, located on Oswego silt loam. 
The Oswego silt loam forms part of the dark prairie soils of Southwest 
Missouri. Geographically and agriculturally this soil lies between the Summit 
silt loam on the north and the lighter Cherokee and Bates soils on the south. 
It has a dark gray silty surface soil, nearly level topography, and a compact 
dayey subsoil. On fiat poorly drained areas the subsoil layer is hard and 
compact forming a true clay pan. 
3~ :\h :-;:-;u t 'R I .'\CRllTLTL' RAL EXPERIlIlENT ST:\T I() N I h ' LLul :,\ .?3s 
TAIlL£ 3 2.- :\I'ERA GE YIELD S OF Al.L CROPS WITll VARIOL S TREAT~IE~T S O~ O ,""EGO 
SI LT LOAM 
( Yield s PCI' .". e re) 
Soil Treatm t' IH 
Limestone .... • . •... 
Bon c mcaL ........ .... 
No treatmenL . .. . . ... . ... . . . 
Lim estone, acid p hosp hate _. ... 
Lim es tone, ac id p hosp hate, pota s h 
.".ciel phosp ha te 
No t rcatme nL __ . 
Lim es tone, acid phosp hate, potas h, ma nure 
2. 10.2 ferti li ze r" __ __ 
- - - - - -
. . . . 
Corn 6 
cro ps 
bll . 
19.30 
1').'!4 
I'). HO 
2·1.95 
25.99 
2 1. 9'1 
IH. HS 
2H.HIJ 
1<) . 4K 
SO" · he:", 
hay 
8 crops 
Wh ea t I Clover 
H cro p, 4 crops 
---------
Ib s . bll. Ibs. 
1411.1 4.49 11 :'6 
1542 ~ . (19 21 ~~ 
1.17 2 J .II2 H47 
IHIO H. '/0 2449 
157·f 'J . HI 2476 
175 1 X. "i() 1962 
1492 .l.x4 ·HO 
205 1 I I .:'4 29'JO 
15 17 
" . I ~ 144 5 
*.".pplic<l at rate o f 150 l b5. pC I' acre before corn a nd wit h wheat. 
Fig. 23.-(Left) C lover wit hou t treatment. (R il(hl) Cluver 
trea ted wi th pho!-t phat e anti lim e. 
Soil Management.- l. Much of thi s t ype is utili zed as per manent 
pasture. Cropping sys tems shou ld conta in co rn or kafir foil wed by soybeans 
o r wheat and th en by sod leg um es such as red or a lsike clover or swee t clover. 
In man y cases it may be adv isa ble to use mi xed hays and a ll ow these to,s tand 
over for two or three yea rs. 
2. Ac id phosphate, bonemeal, or other soluble p hosp hates are alm ost 
essenti a l to profitabl e production of any of the com mon fi eld crops 011 thi s 
type of soil. 
3. L imestone is helpful in getting a stand of clover and when combined 
with phosphate th e two make clover a lmost a sure crop on this soil. For sweet 
clove r liming at th e rate of at least three tons per ac re is adv isable. Although 
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liming has not given extraordinary returns it is believed that its help in getting 
good stands of clover regularly with the increase on other crops makes its use 
on this soil in combination with phosphates highly desirable. 
4. Potash has not been profitable on this soil. 
5. More manure should be produced and more care should be taken in 
saving it. Some crops should be pastured or fed in the field. 
6. Commercial mixed fertilizers may be used with profit, but if atten-
tion is given to growing legumes and in returning manure, phosphates alone 
are more advisable. ' 
TABLE 33.-AvERAGE INCREASE IN CROP YIELDS AND NET RETURNS FROM VARIOUS 
SOIL TREATMENTS ON OSWEGO SILT LOAM 
(Yields per Acre) 
Soy- Value Cost of 
bean of in- treat- Net 
Soil treatment Corn hay Wheat Clover crease ment returns 
bu. lbs. bu. Ibs. $ $ $ 
Limestone _____ 
-0.50 91 0.87 309 2.61 4.00 ' -1.39 
Bonemeal _____ 0.14 170 4.47 1341 12.09 5.24 6.85 
Limestone, acid 
I phosphate ___ 5.15 438 5.28 1 52 18.30 8.36 9.94 Limestone, acid 
phosphate, potash ______ 6.66 142 6.08 1662 18.43 9.60 8.83 
Acid phosphate 3.14 259 4.95 1182 13.72 4.36 9.36 
Limestone, acid 
phosphate, 
potash, ma-
559 7.70 1 
nure ________ 10.04 2210 26.56 17.60 8.96 
2-10-2 fertilizer_ 0.6 25 5.34 5 9.09 5.25 3.84 
TABLE 34.-AvERAGE EFFECT OF INDIVIDUAL SOIL TREATMENTS UPON INCREASE IN 
CROPS AND NET RETURNS 
(Yields per Acre) 
Soy- Value jI Cost of 
bean of in- ' · treat- Net 
Soil treatmen t Corn hay Wheat Clover crease I 'ment return 
bu. lbs. bu. lbs. 1> 1> 1> 
Limestone (used 
alone) _______ 
-0.50 91 0.87 309 2.61 4.00 -1.39 
Limestone (used 
with acid 
phosphate ___ 2.01 .179 .33 470 4.58 4.00 0.58 
Bonemeal _____ 0.14 170 4.47 1341 12.09 5.24 6.85 
Acid phosphate 
(used alone) _ 3.14 259 4.95 1182 13.72 4.36 9.36 
Acid phosphate 
(used with lime) _______ 5.65 347 4.41 1343 15.66 4.36 11.30 Potash ________ 1.51 -296 0.80 10 0.12 1.24 -1.12 Manure _______ 3.38 417 1.62 548 8.13 8.00 0.13 
2·10-2 Fertilizer 0.63 25 5.34 665 9.09 5.25 3.84 
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CHEROKEE SILT LOAM 
The Cherokee silt loam is closely related to the Oswego silt loam, but has 
undergone more weathering and leaching. The surface soil is a gray or brown-
ish gray silt loam and is underlain by a light ashy gray silt loam. The subsoil, 
beginning abruptly at 16 to 18 inches, consists of a layer of brown or dark 
drab, stiff, waxy clay. Below this is a light-drab friable silty clay. The topog-
raphy is level and averages smoother than any other upland type of soil in 
the state. The surface drainage of this soil is poor and the under-drainage 
incomplete. 
Fig. 24.-The Lamar Field, on Cherokee silt loam. 
TABLE 35.-AvERAGE INCREASE IN CROP YIELDS, VALUE AND NET RETURNS FROM 
VARIOUS SOIL TREATMENTS 
(Yields per Acre) 
Value Cost of I Cow- of in- treat- Net 
Soil treatment Corn peas Wheat crease ment returns" 
bu. lbs. bu. $ $ $ 
Legume, bonemeal ______ 
-4.04 225 7.64 6.74 4.53 2.22 Legume, potash _________ 5.58 240 2.42 6.41 1.53 4.88 
Bonemeal, potash _______ 7.80 527 7.83 14.36 4.86 9.50 
Legume, bonemeal, pot-ash _____ ____ ; _______ 7.98 530 9.56 16.20 5.46 10.74 
Legume, bonemeal, lime-
stone,potash ___ ______ 5.94 385 9.62 14.51 7.46t 7.05 
"Since only 3 crops are rel,>tesented the cost of treatment and net returns are 
figured on a three year basis. 
tOnly 1 ton oflime used at start, hence cost assumed at SOc per year. 
THE SOILS EXPERIMENT FIELDS OF MISSOURI 41 
TABLE 36.-AvERAGE YIELDS OF ALL CROPS WITH VARIOUS TREATMENTS ON CHEROKEE 
SILT LOAM 
(Yields per Acre) 
Soil trea tmen t 
Legume, bonemeal _____ ___________________ _ 
No treatment- ____________________________ _ 
Legume, potash ___________________________ _ 
Bon erne ai, pO tash _________________________ _ 
Legume, bonemeal, potash _________________ _ 
No trea tmen t _____________________________ _ 
Legume, bonemeal, lime, potash _____________ _ 
Corn 
5 crops 
bu. 
18.48 
22.52 
28.10 
29.82 
29.50 
21. 52 
27.46 
Cowpeas 
5 crops 
Ibs. 
2495 
2270 
2510 
2867 
2940 
2410 
2795 
TABLE 37.-RESULTS OF BLASTING EXPERIMENT AT LAMAR 
Yield per acre Value of crop per acre 
Not Not 
Year Crop Blasted blasted Blasted blasted 
$ $ 
1911 Corn 18.2 bu. 22.5 bu. 9.10 11.25 
1911 Cowpeas 15041bs. 11361bs. 7.52 5.68 
1912 Corn 14.2 bu 3.7 bu. 7.10 1. 85 
1912 Cowpeas 23681bs. 19361bs. 11.84 9.68 
1913 Oats 19.3 bu. 19.1 bu. 7.72 7.64 
Average return from blasting per acre, per crop $1.43. 
TABLE 38 .-ExPERIMENT WITH TILE DRAINAGE AT LAMAR 
Yield per acre Value of crop per acre 
Year Crop Drained Undrained Drained Undrained 
$ $ 
1907 Corn 31.1 bu. 22.2 bu. 15.55 11.10 
1908 Corn 9.7 bu. 9.0 bu. 4.85 4.50 
1909 Wheat 13.5 bu. 13.2 bu. 13.50 13.20 
1910 Cowpeas 66311bs. 49001bs. 33.15 24.50 
1911 Corn 27.5 bu. 26.2 bu. 13.75 13.10 
1912 Cow'peas 20591bs. 20701bs. 10.24 10.35 
1913 Oats 23.8 bu. 5.0 bu. 9.52 2.50 
Total return per acre in 7 years, $21.31. 
Wheat 
5 crops 
bu. 
20.12 
12.48 
14.90 
19.76 
20.94 
11.38 
21.00 
Returns 
from 
Blasting 
$ 
-2.15 
1. 84 
5.25 
2.16 
.08 
Return 
from tile 
drainage 
$ 
4.45 
.35 
.30 
8.65 
.65 
-.11 
7.02 
Soil Management.-l. Much of this type of soil must be kept in hay 
land or permanent paSture. This soil is quite low in nitrogen and if the land is 
cultivated, crop rotations which provide for legume crops a large part of the 
time are a bsolu tel y essen tial. . 
2. Soybeans or cowpeas are legumes that can be grown without special 
treatment. 
3. Red clover and sweet clover require liming before they can: be grown 
successfully on this soil but these sod legumes should be grown wherever 
possible. 
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4. T he phosphorus suppl y is low in this so il a ll d ac iJ phosphate o r 
bone mea l ma y be suppli ed to advantage before a ll s ma ll g rain cro ps at 150 
to 200 pounds per acre. This a lso grea tl y benefits the clo l'er or g rass cro ps 
fo ll owing. 
5. Potash has give n good return s o n t his so il and it ma y be suppli ed by 
mixing muriate o f potash with the ac id p hosphate, o r it ca n be bought in 
commercial mi xed fe rtili ze r. A fertili ze r such as 0- I.JA wi ll se rve this purpose 
very well , supplying both phosp hate a nd po ta s h. 
Fig. 2S.-Corn, 1907 <Le ft ) No so il lrealm 'nl, yie ld 18 
bu. ( I<ight) Ph osplwrll S, limf', and P013S h , y ield .. 15 bu. 
:~: .. (), Manure s hou ld be produced in la rger amo Llnts a nd eve ry effort made 
to get'tit back on th e land. 
7. MLl ch of thi s soil is poor ly drain ed a nJ more atte n t io n should be 
g iven to thorough surface drainage. O n th e ve ry leve l a reas, ti le drainage will 
be pro fi tabl e. 
8. Loosening th e heavy s u uso il wit h dynamite mar give a slig h t te m-
porary benefit but it ca nnot be reco mmended as a pa ying practice. 
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GERALD SILT LOAM 
The Gerald silt loam occurs in scattered areas throughout the Southwest 
Missouri prairie region and also in isolated spots of prairie in the northeastern 
part of the Ozark section. It is an ash-brown to dark brown silt loam. At 
about 15 to 24 inches there is a layer of mottled, tough, plastic, clay or clay 
pan. The topography is level to very gently undulating. It occupies the mort' 
level prairie areas between the main drainage courses. 
Fig. 26.-The St. James Field on Gerald silt loam. 
TABLE 39.-AVERAGE YIELDS OF ALL CROPS WITH VARIOUS TREATMENTS ON GERALD 
SILT LOAM 
(Yields per Acre) 
Soy- Soy-
bean Cow- bean 
Corn hay Wheat Clover peas grain 
Soil treatment 13 crops 13 crops 13 crops 7 crops 4 crops 7 crops 
bu. lbs. bu. lbs. lbs. bu. Legume _______________ 16.96* 2513 9.36 525 1488 
----
Legume, acid phosphate, 
manure, potash, lime _ 36.57t 2635+ 23.48§ 4950§ 
----
11.37 
Legume, lime __________ 21.47 2398 11.69 1361 14;16 7.30 
Legume, lime, bonemeaL 21.99 2699 18.60 3568 2017 9.00 
No treatmenL ________ _ 19.45 1930 7.81 452 1387 6.12 
Legume, lime, bonemeal, 
2867 21.79 3974 2065 potash _______________ 30.11 10.21 
~anure ________________ 39.17 3078 15.61 2215 2727 10.75 
Manure, rock phosphate _ 42 .22 3231 20.14 2476 2988 11.34 
*10 crops 
t3 crops. This complete treatment applied to legume plot on series Band D in 
1917 and to A and C in 1924. t4 crops. §2 crops. . 
TABLE ·W.-.'\"ERA GF. l ~C REA ~E T !'1 CROP YIELD . , \ 'ALL' EA~() 7\'Er H El l R ~~ FOR EACH 
SOIL TREATME N T TIT ROlTG ll OUr A I ,'OI'R-YEAR ROI A II O~ 
SO\'-
h e ~n 
Soi l trea tmc n t Corn ha ~' 
bll . IbJ. 
Leg um c __ _____ 
- 2 ... 9 5~ 3 
Legllm e, ac iel 
rhos.) manure, 
potas h, lime _ 17. 12 705 
Legum e, lim e __ 2.02 .. 68 
Legume, lim e, 
bo ne meaL _ 2. 5 .. 769 
Legllm e, Ii me , 
boncrn ea l, 
l otns iL _____ 10.66 937 
l\lanurc _______ 19.72 11 .. 8 
;\1 an ure, rock 
')1 phosp ha tc _ _ __. 77 110 1 
( Yi e ld s pe r .'\crcl 
Wh eat C lov e r 
bll. Ib s. 
1. 55 73 
15.67 .... 'Ix 
3.xB 90'! 
10.79 31 1(, 
J3 .98 3522 
7. SI 1763 
') 1_.33 ') ') 
\ ' 
0 
cr 
-
3 
50 
II 
31 
.. I 
32 
a luc 
fin -
e a ~c 
i-
.5~ 
.2 .. 
. 77 
.-!-X 
.1i0 
. 22 
.. 0 . 33 
C("rof 
rrea r-
1l1t'llt 
f, 
O. ti O 
17 .60 
-!- . ~O 
10. 0-!-
J I .2 H 
~ .OO 
14 .00 
~et 
re t urn s 
'$ 
2 . 78 
32.6-!-
6. 97 
21.H 
:10 . .12 
2 ... 22 
26 .33 
F igs. 27 and 28.-(Above No soil treatment. no clover . (Below) Lime. phosphorous. 
an d pota.h. an excell en t yield and qua lity of clover. 
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TABLE 41.-AvERAGE EFFECT OF INDIVIDUAL SOIL TREATMENTS UPON INCREASE IN 
CROPS AND NET RETURNS 
(Yields per Acre) 
Soy- Value Cost of 
bean of in- treat- Net 
Soil treatment Corn hay Wheat Clover crease ment return 
bu. lbs. bu. lbs. $ $ $ 
Legume _______ 
-2.49 583 1. 55 73 3.58 0.80 2.78 Lime _______ __ 4.51 -115 2.33 836 8.19 4.00 4.19 Bone _________ 
.52 301 6.91 2207 19.70 5.24 14.46 
Potash ____ ____ 8.12 168 3.19 406 10.12 1.24 8.88 
Manure _______ 19.72 1148 7.81 1763 32.22 8.00 24.22 
Rock phosphate 3.05 153 4.52 261 8.11 6.00 2.11 
Suggestions for Soil Management.-l. A rotation should be used which 
includes soybeans and red or alsike clover mixed with timothy. Corn or kafir 
should be grown for feed grain, but should occupy not more than one-fifth 
to one-fourth of the land. 
2. Wheat and rye can be used as nurse crops for clover. The use of mixed 
hay rather than straight clover is advisable until the land has been thoroughly 
limed and well supplied with phosphate. 
3. Acid phosphate or bonemeal should be applied with all small grain 
crops, at the rate of 175 to 200 pounds per acre. The application should be 
increased somewhat if clover or grass is to follow. 
4. Manure should 1:ie applied to the cultivated crops. Some of it may 
also be applied as a top dressing on wheat with good results. 
5. Lime is needed for the best production of clover .and should be applied 
to all rotated land. Two tons is a good initial application. This should be 
followed by one ton additional every four to six years. 
6. Potash has been of great value on this land. The use of 20 to 40 
pounds per acre along with acid phosphate will materially increase the crop 
yields. . 
BATES LOAM 
The Bates soils vary greatly in texture and range from a silt loam to a 
<coarse sandy loam. The prevailing texture is a coarse loam. The surface soils . 
are dat"k brown to yellowish gray in color. The subsoils are some shades of 
brown and show bright mottlings of red, brown, or yellow. The soil material is 
derived from sandstone and shale. The topography varies from level on the 
prairie to steeply rolling along the streams. Practically all of the types can be 
·cultivated. The type represented on this experiment field is the Bates loam. 
The surface soil is a brown or gray loam. The land is rolling and usually has 
been timbered. In many places the partially weathered sandstone is found at 
depths of 2 to 6 feet. 
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TABLE 42.-AvERAGE YIELDS OF CROPS FROM THE DIFFERENT TREAMENTS ON 
ELDORADO SPRINGS FIELD 
(Yields per Acre) 
Kafir Soybeans Wheat Clover 
Soil treatment 3 crops 2 crops 5 crops 3 crops 
bu. bu. bu. lbs. Acid phosphate __________________ 16.93 5.70 9.65 367 
Acid phosphate, lime _____________ 20.94 7.39 12.16 1163 
Acid phosphate, lime, potash ______ 20.19 7.28 11. 53 1322 No treatment ___________________ 9.02 4.63 4.81 300 Manure ________________________ 26.01 8.69 7.11 682 
Manure, acid phosphate __________ 27.48 8.70 13.34 1656 
Manure, acid phosphate, lime _____ 25.31 10.23 14.14 2233 
Fig. 29.-The Eldorado Springs Field on Bates loam. 
TABLE 43.-AVERAGE INCREASE AND NET RETURNS PER ACRE FROM EACH SOIL TREA'I. 
MENT 
Value Cost of 
of in- treat- Net 
Soil treatment Kafir Soys Wheat Clover crease ment return 
bu. bu. bu. lbs. $ $ '$ 
Acid phosphate 7.91 1.07 4.84 67 11.26 4.36 6.90 
Acid phosphate, 
lime ________ l1.92 2.76 7.35 863 23.14 8.36 14.78 
Acid phosphate, 
lime, potash _ 11.17 2.55 6.72 1022 22.51 9.60 12.91 Manure _______ 16.99 4.06 2.30 382 20.82 8.00 12.82 
Manure, acid 
phospha te ___ 18.46 4.07 8.53 1356 32.68 12.36 20.32 
Manure, acid 
phosphate, 
21.98 lime ________ 16.29 5.60 9.33 1933 38.34 16.36 
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TAUL E 44.- 1:-; REASE FROM I N DIVIDUA l. SOli. TREATMENTS AND NET RETURNS PER 
.'\CI<E FROM EACH UNDER OIFFERENT MEI'I/ODS OF ApPLICATION 
\' alu e os r of 
SO),- of in - [I'eat- Net 
Soil tre atment Kalil' bea ns Wheat C love l' crea e men t re tllrn s 
--
bll. bll . bll . 
Acid phnsp hn te 7 .91 1.07 4.H 
Ibs. '/> '$ '$ 
67 11 .27 4 . .16 6.9 1 
Lime ( wh e n 
l!' ed wi til ac id 
ph os phate) __ 4.01 1.(,9 2 .51 796 II. H7 -1.00 7.87 
Potash . _______ 
- 0. 75 - 0. 11 - 0.63 159 - 0.-1.1 1. 24 - 1.67 
;\ Ianul'e _______ 16 .99 4.06 2.30 3H2 20. X2 8.00 J 2 . 82 
Acid phos phate 
( wh en added 
to ll1anu" e) __ I. -1 7 0.0 1 6.23 97-t I I . ~5 -1 . .36 7 .49 
\ 1 :lnur" (whell 
add ed to acid 
phos p hate) __ 10 .55 3.00 3.69 1289 21.40 8 .00 13.40 
Lim e ( whe ll 
added to III a-
Illlre and acid 
,h ha _ I os p tel __ - 2. 1 1 H 577 7 ____ ~. 53~~0~._(~) __ ~~ 5.(,(, 4.00 1.66 
I":: "fi,' at SOc pa bu hel. 
Fig. 30.-(Left) Xafir without so il treatmen t ; yield 12.5 bu. ( Ri ll'ht) Kafir, land 
man L1 red; yield 32.4 bu. 
Suggestions for Soil Management.- l. Soi l of thi s type shou ld have a 
rotat ion which in clud es a legul11e such as I vel' or swee t lover and possibly 
soybeans. orn or kanr sh cdd not be g rown on th e sa l11 e land 111 re than once 
i n four or nve years. 
2. Phosphates shou ld be used with a ll grain crops. The residual phos-
p hate will be utili zed by the clover or other crops. 
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3. Lime can be applied profitably to land where red clover or sweet 
clover is to be grown in the rotation. 
4. Manure should be used on the cultivated crops or as a top dressing 
on wheat where clover is to follow. The use of phosphates to increase crop 
yields will greatly increase the production of manure. 
5. A combination of phosphates, manure, and lime will almost insure 
profitable crop yields. 
6. The type of farming best adapted to this soil is one which will allow 
a fairly large percentage of the land to be kept in hay and pasture. 
Dairying is well adapted provided lime and phosphate have been used 
so that clover and sweet clover can be produced for hay and for pasture. 
7. This land is also well adapted to the growing of small fruits, such 
as berries, strawberries, grapes and cherries. A part of the farm may be utilized 
for these crops or for poultry farming or for dairying. 
LEBANON SILT LOAM 
7',,: Ids 
• S'!>,af("d 
• Cl./J" 
Fig. 31.-The Strafford and Cuba Fields on Lebanon silt loam. 
The Lebanon silt loam represents the relatively smooth, stone free plateau 
or ridge-top soil of the Ozark region. The black jack and "post oak flat" land 
of this region belongs to this type. It consists of a grayish brown sil t loam, 5 to 
8 inches deep, and this is underlain by a gray to yellow heavy silt loam. The 
lower subsoil is a gray silty clay mottled with brown and drab and contain 
stone fragments cemented together into a typical hardpan. The soil therefore 
does not resist drought well. 
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TABLE 45.-AvERAGE ACRE- INCREASE D UE TO SOIL TREATMENTS, VALUE, AND NET 
RETURNS ON CUBA FIELD 
Soy- Value Cost of 
Corn beans Wheat Clover of in- treat- Net 
Soil trea tment 5 crops 4 crops 4 crops 2 crops crease ment return 
bu. bu. bu. lbs. $ $ $ 
Acid phosphate 5 .54 1.07 3.24 237 9.33 4.36 4.97 
Acid phosphate, lime __ ______ 8.46 1.11 5.30 1717 20.33 8.36 11.97 
Acid phosphate, 
lime, potash _ 8. 18 1.24 5.36 1427 19 .07 9.60 9.47 
Acid phosphate, 
lime, potash, 
sodium nI-
trate ___ _____ 7.81 1.60 6. 18 1362 20.09 11.00 9.09 Manure ______ _ 8.17 1.95 2.70 445 12 .90 8.00 4.90 
Manure, acid 
phosphflte ___ 7.89 3.58 6.69 1297 24.27 12.36 11.91 
Manure, lime, 
acid phos-phate _______ 9.04 4.19 8.34 1967 31.07 16.36 14.71 
Average yield 
untreated land ________ 12 .99 6.98 4.43 680 
---- ---- --- -
TABLE 46.-AvERAGE ACRE-INCREASE DUE TO SOIL TREATME NT, VALUE, AND NET 
RETURNS ON STRAFFORD FIELD 
Soil treatment 
Straw (before 
corn) __ _____ 
Straw, rock 
phosphate ___ 
Straw, acid 
phospha te ___ 
Straw, bone-
meaL _____ __ 
Straw, acid 
phosphate, potash __ __ __ 
Straw, ' acid 
phosphate, 
potash, lime _ 
A verage yield 
untreated land ___ ____ _ 
* 6 crops. 
t5 crops. 
Corn 
Soy-
beans 
7 crops 3 crops 
bu. lbs. 
-.29 -74 
3.11 273 
3.26 180 
5.45 265 
4.95 91 
6.87 -32 
12.60 9.65 
tStraw valued $3.00 a ton. 
Wheat 
8 crops 
bu. 
1.04* 
2.09 
5.03 
6.29 
5.40 
5.57 
5.92 
Value Costof 
Clover of in- treat- Net 
7 crops crease ment return 
lbs. $ $ $ 
-381t -1.37 1.35% -2 .72 
995 9.97 7.41 2.56 
708 11.10 6 .14 4.96 
1718 18.92 7.22 11.70 
1022 13.44 7.37 6.07 
1217 14.92 11.68 3.24 
714 .. --- .. .. _ .. .. .. .... 
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Suggestions for Soil Management. 1. T he Leha non Si lt loam is not 
very productive so il. This is due to t he low ferti li ty o f thc smfa e so il and also 
to the fact that the so il is und erlaid with a typical g rave ll y hard pan . 
2. Most of the t~' p e should be kept in g ra ss for pasturc and ha y. Whert~ 
it has bee n farmed for a long timc, it needs good soi l treatmcnts for t he pro-
duction o fha v. 
3. The 'type of farming on thi s so il hould usu:t1l y in clud e so me small 
fruits, tru ck, and berri es. Dairying and poultry rais in g should a lso h :1I'e con-
siderabl nttention. 
4. The land d evo ted togencrnl farm crop s hould he put in to n ro tation 
that willllslla ll y in clud e co rn or knlir, soy bean s, wheat, or ryc, red, nlsik e or 
sweet c lo \'er mixed with timothy or orc h:1rcl g ra ss. 
Figs. 32 a nd 33.- (Top) Lime an d acid phosp hate; yie ld 11 .9 bu. (Bottom ) lime, acid 
phosphale, and manure; yield 17.6 bu.- uba Field. 
5. The successful produ tion o f an y of the crops in th is rotati n wilI 
req uire an app li cation of phosphate about once every two years. It shou ld 
be app li ed with all grain crops. L an1:l kept in meadow more than one year 
shou ld I e top-dressed with acid phosphate, manure, or a mixed fertili zer 
containing some nitroge n. 
6. Clover pI' ducti n can be mad e fairly sure if the land is treated with 
manure, phos pha te and lim e. The trafford fi eld has not hown a very 
great need for lim e, but most of this type will req uire it for bes t results. 
7. Manure s hould be carefull y saved and returned to the land on corn or 
kafir or as a top dressing on small grai n that is being seeded to clover or gra ss. 
The amount of manure producecl can be g rea tl y increased by firs t in -
creas in g the crop y ields through the application of fertili zers. 
9. These soi ls have not shown any very seriou s need for potash and 
where a fair amount of manure is being used potash need not be added in 
the fertilizer. Where manure is not used a fertilizer containing potash such 
as 0-14-4 should u sua ll y be applied. 
10. Phosphorus is the most needed element and should be applied first . 
Nitrogen should be added by means of legume crops and manure. Lime 
s hould be used for the better g rowth of legumes. 
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CLARKSVILLE GRAVELLY LOAM 
The Clarksville gravelly loam covers extensive areas in the Ozark region. 
The surface 5 to 8 inches consists of a gray or pale yellow gravelly loam or silt 
loam. This grades into a heavy yellowish or brownish-gray silt loam, which 
changes at about 24 inches to a stiff, silty clay. The most persistent charac-
teristic is the gray surface soil. The topography varies from rolling to hilly. 
The timber consists of the various oaks, hickory, and walnut. Probably less 
than 50 per cent of this land is cleared and in cultivation. The broken surface 
and content of rock make cultivation difficult and even impossible for much of 
this type. 
Fig. 34.-Willow Springs Field, on Clarksville silt loam. 
TABLE 47.-AvERAGE ACRE YIELDS OF ALL CROPS WITH VARIOUS TREATMENTS ON 
CLARKSVILLE GRAVELLY LOAM 
Corn Soybeans Wheat Clover ' 
Soil treatment 8 crops 6 crops 8 crops 7 crops ! . 
bu. bu. bu. lbs. 
Rye (after corn for green manure) __ 8.53 2.58 2.08 409 Rye, bonemeaL ________ __ ________ 25.44 6.57 11.58 2613 No treatmenL ___________________ 12.77 3.75 3.20 609 
Rye, acid phosphate ______________ 29.50 6.50 14.09 2200 
Rye, acid phosphate, potash _______ 28.05 6.37 12.86 2092 
Rye, acid phosphate, potash, lime (applied on surface) ____________ 32.66 7.48 14.44 2099 
Rye, acid phosphate, potash, lime (plowed under) ________________ 35.09 7.95 15.25 2327 
No treatmenL ___________________ 13.96 3.72 3.99 799 Rye, manure ___________ _______ c_ 33.99 6.20 10.12 1457 
Rye, manure, acid phosphate ______ 37.30 8.25 17.16 2982 
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TABLE 4S.-AvERAGE ACRE-INCREASE IN CROP YIELDS, VALUE, AND NET RETURNS 
FROM VARIOUS SOIL TREATMENTS ON CLARKSVILLE GRAVELLY LOAM 
Soy- Value Cost of 
Corn beans 
Wheat 
Clover of in- treat- Net 
Soil treatment S crops seed hay crease ment returns 
bu. bu. bu. lbs. ~ ~ ~ 
Rye (after corn 
for green ma-
n ure) _______ 
-4.24 -1.17* -1.12 -200 -6.58 2.25 -8.83 
Rye, bonemeal_ 12.67 2.82 8.38 2004 30.37 7.49 22.88 
Rye, acid phos._ 
Rye, acid phos-
16.73 2.75 10.89 1591 32.70 6.61 26.09 
phate, potash 
Rye, acid phos-
15.28 2.62 9.66 1483 29.95 7.85 22.10 
phate, potash, 
lime (applied 
on surface) __ 18.70 3.76 10.45 1300 33.82 11. 85 21.97 
Rye; .acid phos- · 
phate, potash 
lime (plowed 
1529 26.07 under) ______ 21.13 4 . 23 11.26 37 . 92 11. 85 
Rye, manure ___ 20.03 2.48 6.13 658 24.39 10.25 14.14 
Rye, manure, 
acid phos-
2 4 1 .17 2184 44.82 14.61 30.21 phate__ __ ___ 3.34 .53 3 
*Soybean seed valued at $2.00 a bushel. 
TABLE 49.-AvERAGE EFFECT OF INDIVIDUAL SOIL TREATMENTS UPON INCREASE IN 
CROPS AND NET RETURNS PER ACRE 
Soy- Value Cost of 
bean of in- trea t- Net 
Soil treatment Corn seed Wheat Clover crease ment return 
bu. bu. bu. lbs. $ $ ~ 
Rye (after corn 
for green ma-
nure) _______ 
-4.24 -1.17 -1.12 -200 -6.58 2.25 -8.83 
Bonemeal * ____ 12.67 2.82 8.38 2004 30.37 5.24 25.13 
Acid phosphate* 
Acid phosphate 
16.73 2.75 10.89 1591 32. :) 4.36 28.34 
(used with 
manure) _____ 3.31 2.05 7.04 1526 20.42 4.36 16.06 Potash ________ 
-1.45 -0.13 -1.23 -108 -2.75 1.24 3.99 
Lime (on sur-face) ________ 3.42 1.14 0.79 -183 3.87 4.00 -0.13 
Lime (plowed 
under) __ __ __ 5.85 1. 61 1.60 46 7.97 4.00 3.97 
Manure* ______ 20.03 2.48 6.13 658 24.39 8.00 16.39 
Manure (used 
with acid 
phosphate) __ 6.61 1.78 2.28 593 12.10 8.00 4.10 
.. 
*The fertlhzer treatments were compared wIth no treatment rather than wIth 
rye, since some of rye plots were not very uniform. 
Soil Management.-l. This type of soil is too low in fertility for the 
production oflarge acreages of grain crops. 
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2. Most of the land should be kept in permanent pasture, and some 
should be utilized as forest land. 
3. Small acreages on each farm should be devoted to small fruits, straw-
berries, grapes, etc. 
4. Dairying, sheep raising, and poultry farming should assume greater 
prominence, and the plan of soil management should be made to contribute 
to the progress of these types of livestock farming. 
5. Legume hays are necessary. They can be produced by the use of prop-
er soil treatments. Red clover grows well if phosphate or manure is used. 
6. Lime should be used in connection with phosphates for sweet clover. 
. 7. All small grain crops should have good applications of phosphates 
and all such crops should be followed by clover, mixed hays, or sweet clover. 
8. Soybeans may sometimes be grown to advantage, but they must not 
replace clover, sweet clover or clover and grass mixtures in the rotation. 
9. A small amount of corn or kafir may be grown for grain feed, but 
this should be done on manured land following a sod legume. Phosphate at the 
rate of 150 to 200 pounds of acid phosphate or bonemeal should always be 
applied before these crops. 
ELDON SILT LOAM 
Fig. 35.-Carthage Field, on Eldon silt loam. 
The Eldon silt loam is a dark ash gray to black soil, underlain at about 
8 to 10 inches by a yellowish to light brown silt loam. Chert or "flint" frag-
ments are found in the surface soil, and at a depth ranging from 8 to 24 in.ches 
a layer of chert fragments is found. In many places these are so abundant as 
to make it a gravelly loam. ""'; J-; 
The Eldon silt loam is a dark prairie soil and is widely distributed Jin:the 
western Ozark border region, but rarely occurs in very extensive areas. ! 
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TABLE 50.-AvERAGE ACRE-YIELDS ON PLOTS HAVING DIFFERENT SOIL TREATMENTS ON 
CARTHAGE FIELD 
Corn Cowpeas Wheat 
Soybean 
Clover hav 
Soil treatment 5 crops 3 crops 6 crops 2 crops 2 crops 
bu. lbs. bu. Ibs. fbs. Legume ______________ 29.48 3018 13.77 455 980 Legume, lime _________ 32.80 3423 15.95 670 1065 
Legume, lime, bone ____ 36.24 3500 22.00 1785 1272 
Legume, lime, bone, pot-ash ________________ 43.58 3908 24.12 2060 1525 Check _______________ 31.24 2861 13.92 405 882 11anure ___ ___________ 53.16 3600 21.95 2292 1677 
Manure, rock phosphate 54.14 4458 24.26 2555 1627 
11anure, rock phos-phate, lime _________ 53.52 4282 22.50 1980 1675 
TABLE 51.-AvERAGE INCREASE IN CROP YIELDS AND NET RETURNS PER ACRE FROM 
INDIVIDUAL SOIL TREATMENTS ON ELDON SILT LOAM 
Value Cost of 
Cow- of in- treat- Net 
Soil treatmen t Corn peas Wheat Clover crease ment return 
bu. lbs. bu. lbs. $ $ $ Legurne __ _____ 
-1.76 . 157 -0.15 50 0.00 0.80 -0.80 Lime _________ 3.32 405 2.18 115 6.43 4.00 2.43 
Bonemeal _____ 3.44 77 6.05 1215 14.22 5.24 8.98 Potash ________ 7.34 408 2.12 275 9.20 1.24 7.96 11anure ___ ____ 21.92 739 8.03 1887 32.11 8.00 24.11 
Rock has hate p p 0.98 858 2.31 263 8.40 6.00 2.40 
TABLE 52.-FERTILIZERS IN HILL WITH CORN-1909, 1912 
Amount of Increase over 
application A verage yield No treatment 
Soil trea trnen t I bs. per acre bu. per acre bu. per acre 
2-20 BonemeaL ______ 100 39.0 6.0 
2-20 BonemeaL ______ 125-175 41.7 8.7 2-8-2 _______________ 50-75 42.6 9.6 2-8-2 _______________ 100-125 43.7 10.7 
2)1"-6-2 _____________ 50-75 39.6 7.4 2)1"-6-2 _____________ 100 40.0 7.8 None _______________ 
---- -- --
33 .0 
- - --
Suggestions for Soil Management.-l. In order to maintain this soil 
in a fair state of productivity it is necessary to make use of proper soil treat-
ments and cropping systems. 
2. For the general farm without lime all crop rotations should include 
legumes such as soybeans or cowpeas. 
3. Where the land has been put into condition to produce them the sod 
legumes like red or alsike clover, sweet clover, or alfalfa are much to be pre-
ferred to soybeans and cowpeas. 
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Soil Treatment Relative Yields 
None • 
Lime 
Lime. Manux e 
Lime. Manure 
Bonemeal 
778 
4085 
7455 
11698 
55 
Fig. 3('.-EtTects of soil treatment on. the yield of alfalfa-Carthage Field. 
4. Phosphate in the form of bonemeal or acid phosphate should be used 
with all small grain crops and where clover or hay is to follow the application 
should be at least 175 pounds per acre. 
5. An application of two tons of ground limestone is necessary for the 
most successful production of red clover. For sweet clover or alfalfa the 
application should be increased to three tons and in some cases four tons an 
acre. Phosphate should always be used with alfalfa . 
. 6. A combination of lime, phosphate and some manure will give most 
satisfactory returns. 
7. The manure application can be increased by first using fertilizers 
to produce larger crops, and also by taking more care in getting manure back 
to the land. 
8. Pasturing crops . in the field is an excellent means of conserving 
manure and getting it well distributed overthe land. 
9. Potash has given good returns on ·this soil and some may be profitably 
added along with the acid phosphate or by using a mixed fertilizer such as 
0-14-4. 
CRAWFORD GRAVELLY AND SILT LOAMS-RED LIMESTONE LAND 
OF SOUTHWEST MISSOURI 
The Crawford gravelly and silt loams are generally known as "red lands" 
or red limestone lands on account of the characteristic red or brownish color. 
The subsoil is a reddish brown silty clay loam and usually has much chert 
material or gravel. In some sections the soil is a silt loam and has very little 
gravel. The surface is undulating to gently rolling. The Crawford silt and 
gravelly loams are practically all under cultivation, and they are probably the 
most productive of all upland Ozark soils. 
TABLE 53.-AvERAGE ACRE-YIELD FOR EACH TREATMENT OF THE DIFFERENT CROPS 
GROWN ON BILLINGS FIELD 
S0h'bean 
Soil treatment Corn Cowpeas Wheat Clover ay 
13 crops 13 crops 13 crops 6 crops 3 crops 
bu. lbs. bu. lbs. lbs. Legume ______________ 23.84 2445 9.97 1221 1767 
Legume, lime _________ 30.08 3015 12.13 2027 2292 
No treatmenL ________ 25.40 2346 9.26 1577 1867 
Legume, lime, bone ____ 35.47 3383 15.92 3558 2875 
Legume . lime, bone, potash _____________ . 37.20 3721 17.08 3622 7975 
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TABLE 54.-AvERAOE INCREASE IN CROP YIELDS, VALUE AND NET RETURNS PER ACRE 
FROM EACH TREATMENT FOR PRINCIPAL CROPS GROWN ON BILLINGS FIELD. 
Soil treatment 
Legume ________ 
Legume, lime ___ 
Legume, lime bone _____ ___ 
Legume, lime, 
bone, potash 
Value of 
Corn Cowpeas Wheat Clover Increase 
bu. lbs. bu. lbs. $ 
-1.56 99 .71 -356 -1.36 
4.68 669 2.87 450 10.81 
10.07 1037 6.66 1981 26.79 
11.80 1375 7.82 2045 30. 82 
Fig. 37.-Billings and Stark City Fields, on Crawford 
gravelly and silt loams. 
Cost of Net re-
trea t- turns 
ment per ro-
ta tion 
$ $ 
0.80 -2.16 
4.80 6.01 
10.04 16.75 
11. 28 19.54 
TABLE 5S.-EFFECT OF INDIVIDUAL SOIL TREATMENTS UPON INCREASE IN CROPS AND 
NET RETURN PER ACRE FOR THE ROTATION. (BILLINGS FIELD)· 
Cow- Value Cost of Net 
Soil treatment Corn peas Wheat Clover of in- treat- returns 
crease ment per ro-
tation 
bu. lbs. bu. lbs. $ $ $ Legume _______ 
-1.56 99 .71 -356 -1.36 0.80 -2.16 Lime _________ 6.24 570 2.16 806 12.16 4.00 8.16 
Bonemeal _____ 5.39 368 3.79 1531 15.97 5.24 10.73 
Potash ________ 1.73 338 1.16 64 4.03 1.24 2.79 
·Since the Stark City field has been in operation only a few years the results 
from this field are not included in this summary. . . 
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Suggestions for Soil Management.-l. This land is adapted to the 
production of general crops. On the more fertile portions fruit growing is 
successfully practiced. Permanent pastures containing orchard grass mixtures 
should be used. 
2. There is much need on these lands for more systematic crop rotations 
combined with more and better livestock. Grain farming has been far too 
widely practiced and has resulted in depleted soil conditions. 
3. Rotations including legume crops like soybeans, clover, sweet clover, 
and alfalfa should become a part of every man's system of soil management. 
4. Before legume crops can be grown most successfully the soil will have 
to be treated with phosphate and lime 
5. Phosphates also greatly increase the yields of grain crops, and have. 
been used on these soils for many years, but the difficulty has been that small 
grain crops are not always followed by clover or hay. Legume crops must be 
used if the soil is to be kept in a productive condition. 
Aver~e Yield 
19 -1919 
Lba.Per Aore 
1282 
2745 
Ill.oresae 
tbe. 
Penore 
1463 
2208 
4035 2753 
Fig. 38.~Effect of soil trealment all the yiel,] of alfalfa, Billings Field. 
6. If lime and phosphates are used to produce larger crops more manure 
can be produced. This should be carefully saved and applied to the soil before 
corn or as a top dressing on wheat that is to be followed by clover. 
7. The application of lime, phosphate, and manure to this soil combined 
in a suitable livestock system is essential for putting the agriculture of this 
section upon a more profitable basis. In many cases such systems of general 
farming or dairy farming can well be combined with fruit growing. 
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UNION SILT LOAM 
The Union silt loam includes the greater part of the northern and north-
eastern border of the Ozark region. It is a grayish brown or yellowish brown 
mellow, stone free silt loam with yellowish brown silty clay subsoil. The topog~ 
raphy of the main portion of this type varies from rolling to hilly, with practi-
cally no smooth land. About 30 per cent of this type is too steep for cultiva-
tion, a-nd is suited only to pasture. 
Fig. 38.-The Union Field, on Union silt loam. 
TABLE 56.-AvERAGE ACRE YIELDS OF ALL CROPS WITH VARIOUS TREATMENTS ON 
UNION SILT LOAM 
Cowpea Clover 
Corn hay Wheat hay 
Soil treatment 9 crops 10 crops 10 crops 3 crops 
bu. lbs. bu. lbs. 
Legume (peas in hill wi th corn) _____ 14.15 1853 9.19 867 Legume, lime ____________________ 19.53 1972 13.03 2679 
Legume,lime, bonemeaL __________ 23.12 2102 19.16 3307 No tl'eatment. ___________________ 16.51 1771 9.76 938 
Legume, lime, bonemeal, potllsh~ __ 24,79 2220 19.81 3398 Manure ____________ '. __ • ________ 25.76 2369 15.25 1313 
~anure, rock phosph,,~e __ ~ _____ .;. 26.59 2494 19.42 1493 
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TABLE 57.-An:RAGE TN REASE IN CROP YII;;J.J) S, " ALLIE, AND l'iET RETI RN S PER !\eRE 
}' ROM EACII TIU,ATMENT 
Soil rrea tm cl1 t 
Lcgum e 
- -- --
Leg um e, lim e __ 
Legulll e, lime, 
hnl1Cll lc:d 
r .t'g- UIl1 l', lime, 
hOIIl'llh.' :iI , 
l'0t:l, h 
-
i\ I d IlU rc 
:\lallurc, rock 
I'hnsl' h:ltc ___ 
\' " Iu e 
Cow- of i 11 -
Corn peas Wh eat Clover c rease 
-
-
bll . lin. bll. Ibs. 'f, 
-2 . :1(, H1 - O.S7 -7 1 - 1.69 
3.02 201 3.27 1741 14 .·IH 
6.6 1 33 1 9.40 2369 26 .10 
x . 2x 449 10.05 2460 28.7.3 
9.25 598 5 .49 375 14 . 'J7 
10 .OR 713 9.66 555 21.0S 
Fig. 40.- 'I'he lra il of th e lime sprrade,', on lhi , 
soil , may be f oll o,"PrI hv the ab unclan l crops of red 
clove r and th e herel s of productive dairy cows. 
CO, t of 
tre :It- Nct 
me.! 11 t re t urn 
'f. $ 
O. HO - 1.49 
4. 80 9. 6~ 
10 . 04 16. 16 
II . 28 17.45 
H. 00 6. 'J7 
14. 00 7 .08 
TABLE 58.- AvERAGE EFFECT OF I NDIVIDUAL SOIL TREATMENTS UrON I NCREA SE IN 
CROPS AND NET RETUR NS 
Valu e Cost of 
In li vidunl ow- of in- trea t- Net 
treatment Corn pens When t Clover crease ment return 
bll. Ibs. 1111 . Ibs. $ $ $ Legllm e _______ 
-2 .36 82 - 0. 57 -71 - 1.69 0. 80 -2 .49 Lim e _________ 5.38 119 3 . 84 1812 16 .1 8 4.00 12.1 8 
Boncmenl _____ 3 .59 130 6.13 528 11. 21 5.24 5.97 
Potash _____ ___ 1.67 118 0.65 91 2.52 1.24 1. 28 Manure _______ 9.25 598 5.49 375 14.97 8 .00 6.97 
Rock phosphate 0.83 125 4.17 180 6.10 6.00 0.10 
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Suggestions for Soil Management.-l. For the most part this type of 
soil should be devoted to dairying or to general farming. Much of the rougher 
parts of this land must be kept in grass, thus giving pasture for cattle or sheep. 
Small fruit growing and poultry raising also offer good opportunities. 
2. Rotations should be used which include much small grain and sod 
legumes such as red or alsike clover and sweet clover. 
3. For the most profitable production of crops on this land the use of 
phosphate fertilizers is indispensable. 
4. The use of ground limestone or other forms of lime is usually necessary 
for the production of clover or sweet clover. 
5. Barnyard manure greatly increases crop yields . More of it should be 
produced and saved. Manure should be supplemented with acid phosphate. 
6. A combination of manure, lime, and phosphate, in the form of acid 
phosphate or bonemeal will be highly profitable on this soil. 
7. Potash has given slight ,returns, but its use in large amounts is 
probably not justified except on the old farmed lands. 
8. Rock phosphate is not as profitable a source of phosphorus as bone-
meal or acid phosphate for this soil. 
